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CHAPTER 1.  GENERAL INTRODUCTION 
 
Humans have altered ecosystems around the world, and stream ecologists have recently 
begun to uncover a myriad of impacts on streams resulting from two dominant human land 
uses, urbanization and agriculture (Paul & Meyer, 2001; Allan, 2004).  As understanding of 
these impacts increases, concern over declining condition of stream ecosystems also grows, 
and increasingly strict regulation in United States water policy reflects this concern (Deason, 
Schad & Sherk, 2001).  Whereas early water quality policy (i.e., prior to the 1972 
amendments of the Federal Water Pollution Control Act) focused on maintaining clean water 
primarily as it pertained to public health, more recent iterations of the Federal Water 
Pollution Control Act (collectively known as the Clean Water Act; (CWA)) also include 
provisions to maintain clean water in general, and to prevent pollution for the sake of wildlife 
and aquatic life (Deason et al., 2001; USEPA, 2009).   
Efforts to mitigate adverse impacts of human activities on our nation’s rivers and streams 
have achieved some measure of success.  Severe pollution from point-source discharges have 
been drastically reduced (Adler, Landman & Cameron, 1993), and states’ regular surveys 
have shown some improvement in meeting certain water quality goals (Deason et al., 2001).  
However, 44% of monitored U.S. river-miles remain impaired, and it is not clear if 
conditions in the nation’s streams have improved since establishment of the CWA (Knopman 
& Smith, 1993; Karr & Yoder, 2004; USEPA, 2004).  This lack of measurable improvement 
is likely related to the nature of nonpoint-source (NPS) pollution, which now constitutes the 
largest threat to stream ecosystems in the USA (USEPA, 2000).  NPS pollution is derived 
directly from landscape alteration, such as urban and agricultural development.  Its inherent 
complexity prevents development of straightforward explanations of its impacts, and it is not 
readily mitigated using traditional policy and management strategies (Dowd, Press & Los 
Huertos, 2008).  Thus, continuing degradation of stream ecosystems despite years of 
expansion in research and policy suggests that there are critical missing links between 
scientific research and practice.   These missing links may include: 1) incomplete scientific 
understanding of land use impacts on streams, particularly specific mechanisms of these 
impacts (Paul & Meyer, 2001), 2) inadequate data regarding appropriate strategies to restore 
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stream ecosystems (Alexander & Allan, 2007), and 3) political, economic, and social factors 
that prevent development and enforcement of policies that fully implement current scientific 
understanding (Roy et al., 2008).  In this review, I describe recent research in terms of these 
three missing links.   
Understanding land use impacts on streams 
Stream ecologists have made extensive efforts to address the first of these missing links.  A 
growing body of research describes relationships between urban and agricultural land use and 
stream degradation, some of which suggest links between specific land use practices and 
stream degradation.  Some such studies provide evidence of mechanistic linkages connecting 
land use to declining biotic health.  Some studies linking land use to stream condition 
quantify effects of landscape variables at multiple spatial scales, and others have investigated 
relative impacts of urbanization and agriculture. 
Relationships between agricultural land cover and stream features 
Relative to undisturbed natural landscapes, agricultural land use has been shown to 
degrade water quality, habitat, and biological condition in streams (Allan, 2004).  Some 
studies describe relationships between stream features and agricultural land cover in general, 
while others seek to illuminate the specific land use activities that lead to these forms of 
degradation.  Agricultural land cover is correlated with elevated concentrations of nutrients 
and pesticides (Morgan et al., 2006; Megan et al., 2007; Wagner et al., 2008).  Runoff from 
fields where pesticides are applied are predictably associated with concentrations of these 
compounds in streams (Schulz & Liess, 1999), and livestock operations and near-stream 
grazing contribute to elevated bacteria levels (Neary, Swank & Riekerk, 1988).  Excess 
applications of fertilizer and manure are linked to elevated levels of nitrogen and decreased 
dissolved oxygen concentrations (Berka, Schreier & Hall, 2001).  Artificial drainage, which 
is common in the Midwestern USA, affects the way nutrients are transported (Wagner et al., 
2008).  In one study, the enhanced connection between fields and streams created by tile 
drainage partially determined the severity of nitrate pulses during rain events.  In addition to 
altering nutrient dynamics, artificial drainage in agricultural areas alters hydrology, leading 
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to elevated flow velocity, bank erosion, and changes in stream channel dimensions (Menzel, 
Barnum & Antosch, 1984; Fitzpatrick et al., 2001).  Tillage leads to soil erosion on a 
landscape scale, leading to sedimentation, elevated turbidity, and burying of coarse substrate 
in streams (Walser & Bart, 1999; Yates, Bailey & Schwindt, 2006).  These sediment sources, 
in addition to clearing of riparian vegetation, lead to reduced habitat heterogeneity, 
abundance of woody debris and allochthonous organic matter, and availability of coarse 
substrate (Hetrick et al., 1998; Walser & Bart, 1999; Reid et al., 2008; Hrodey et al., 2009).  
Gross primary production and respiration were associated with percentage of agricultural 
land in the watershed in one study (Bunn, Davies & Mosisch, 1999), indicating that more 
complex processes within streams are also affected by agriculture. 
Predictably, the health of aquatic organism assemblages also declines with increasing 
agricultural land cover in the watershed.  Indicators of ecological condition, including fish 
diversity, fish multimetric indices of biotic integrity (IBI), invertebrate diversity, and 
invertebrate IBI scores, are negatively related to agriculture (Roth, Allan & Erickson, 1996; 
Walser & Bart, 1999; Cuffney et al., 2000).  Algal abundance can be negatively or positively 
related to agricultural land cover (Cuffney et al., 2000; Fitzpatrick et al., 2001).  In one study 
where former agricultural lands had been reforested, watershed agricultural land cover during 
the 1950s was a better predictor of recent invertebrate and fish diversity than was modern 
land cover.  Thus, negative legacy effects of agriculture on stream biota can persist even after 
reforestation of agricultural lands (Utz, Hilderbrand & Boward, 2009).  
Relationships between urban land cover and stream features 
Examples of relationships between urban land cover and various forms of stream 
degradation are also widespread in stream ecology literature (Paul & Meyer, 2001; Allan, 
2004).  One of the most commonly-studied urban land characteristics, impervious cover (e.g., 
rooftops, roads, parking lots), is consistently related to many of the physical, chemical, and 
biological variables I describe below (Schueler, 1994).  It has been used in many research 
studies (e.g., Morley & Karr, 2002; Chadwick et al., 2006; Utz et al., 2009), but there are 
caveats to the model.  For instance, Booth and others (2004) point out that, at any level of 
watershed imperviousness, ecological condition as indicated by biotic metrics can range 
widely.  Thus, the model may denote an upper limit of ecological condition possible at a 
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given percent impervious cover, but will not consistently predict biotic integrity within a 
narrow range.  In addition, recent research suggests that effective impervious cover (i.e., the 
area of impervious surface directly connected to streams via stormwater pipes) is more 
closely related to stream degradation than overall impervious cover (Wang et al., 2001; 
Walsh, 2004; Walsh, Fletcher & Ladson, 2005).   
The basis of the relationship between impervious cover and stream degradation is 
hydrology: impervious cover reduces infiltration, thereby elevating surface runoff and 
increasing the volume and velocity of water reaching the stream (Paul & Meyer, 2001; 
Walsh, Fletcher & Ladson, 2005).  These hydrologic alterations cause channel erosion 
(Trimble, 1997) and increase the frequency of flooding and hydrologic disturbance 
(Schueler, 1994).  Thus, urban land cover, particularly impervious cover, is associated with 
increased flashiness and peak discharge, decreased base flow, elevated water temperature, 
and altered channel dimensions (Wang et al., 2001; Wang & Kanehl, 2003; Booth et al., 
2004).  In addition, impervious cover creates an efficient mechanism by which contaminants 
on roadways, rooftops, and industrial sites are quickly transported to streams during even 
minor rain events (Walsh et al., 2005).  Therefore, when the multitude of industrial, 
commercial, residential, and transportation activities that occur in urban areas release a 
cocktail of organic and synthetic contaminants, impervious cover exacerbates the problem.  
Heavy metals and hydrocarbons are two such contaminants that reach streams by way of 
runoff from impervious surfaces (Beasley & Kneale, 2002; Woodcock & Huryn, 2007).  In 
addition, roadways are commonly associated with elevated conductivity, likely due to road 
deicing practices (Morgan, Kline & Cushman, 2007; Woodcock & Huryn, 2007).  Other 
chemical alterations commonly associated with urban land use are elevated nutrient 
concentrations (Roy et al., 2003; Morgan et al., 2007) and increased sediment and turbidity, 
which can lead to reductions in stream bed sediment size, or coarse substrate abundance 
(Trimble, 1997; Roy et al., 2003).   
Common vegetation management practices also contribute to problems in urban streams.  
For example, the extent of conversion to suburban vegetation (i.e., mown lawns) in low-
density developments is also linked to elevated peak discharges in streams (Booth, Hartley & 
Jackson, 2002).  As in agricultural areas, clearing of riparian vegetation is common in cities, 
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and this practice reduces regulation of stream temperature and provision of allochthonous 
organic matter for food and habitat (Groffman et al., 2003; Snyder et al., 2003).  Alterations 
in variables reflective of ecosystem processes can also be associated with urban land cover.  
In one study, leaf-litter decomposition increased with increasing urban land cover, then 
declined after urban land cover in the watershed reached 40% (Chadwick et al., 2006).  In 
another, there was evidence of increasing impairment of nutrient cycling processes with 
increasing urban land cover (Morgan et al., 2007). 
Like agricultural land use, urban land use is generally negatively related to ecological 
condition.  It has been negatively associated with fish abundance, richness, and diversity 
(Wang et al., 2001), and with multimetric fish IBIs (Pinto, Araujo & Hughes, 2006).  Urban 
land use also correlates negatively with invertebrate diversity (Smith & Lamp, 2008) and 
various invertebrate IBIs (Morley & Karr, 2002; Booth et al., 2004; Miltner, White & Yoder, 
2004).  Diversity and abundance of sensitive groups of both fish and invertebrates are also 
often negatively related to urban land use (Wang & Kanehl, 2003).  As a result, biotic 
communities in urban streams are often more homogenous than in streams within natural 
landscapes (Scott, 2006). 
Land cover spatial scale and spatial pattern 
Advancement of geographic information systems has led to an expansion in stream 
ecological studies that go beyond simply quantifying relationships between stream condition 
and watershed land cover composition.  Many of these studies try to determine whether 
watershed-scale or riparian-scale land cover most strongly influences stream features or 
biological condition (e.g., Walsh et al., 2007).  In some studies, in-stream features are 
collectively referred to as the smallest spatial scale, often labeled “reach scale” (e.g., Hrodey 
et al., 2009).  When quantifying relationships between land cover at multiple spatial scales 
and biological metrics, these studies have yielded variable results.  In some cases, whole 
watershed land cover measures strongly relate to invertebrate metrics, while riparian-zone 
land cover is weakly or not related (Roth et al., 1996; Allan, Erickson & Fay, 1997; Potter, 
Cubbage & Schaberg, 2005; Walsh et al., 2007).  In others, the opposite is true, and near-
stream land cover or reach-scale variables better predict fish and invertebrate metrics than 
land cover farther from the stream (Stewart et al., 2001; Wang et al., 2001; Roy et al., 2003; 
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Rios & Bailey, 2006).  Others found little difference in the power of different spatial scales to 
predict stream conditions (Richards, Johnson & Host, 1996; Alberti et al., 2007; Hrodey et 
al., 2009).  This variability across studies may result from several factors.  For example, 
Allan and others (1997) point out that some study designs, such as those with few sites on 
each of many streams, are better suited to uncover large-scale land use effects, while others, 
such as those with many sites on few streams, are better suited to determine small-scale 
effects.  Additionally, individual stream features are determined by landscape characteristics 
at different spatial scales, and so different target stream features across studies may 
contribute to this variability (Allan et al., 1997; Morley & Karr, 2002). 
Another expanding use for geographic information systems in stream ecology is analysis 
of relationships between spatial pattern of land use and stream condition, particularly in 
urban areas where landscape fragmentation is more severe.  These studies have found that 
measures of urban patterns, such as aggregation of impervious surfaces, road density, 
average natural vegetation patch size, and landscape heterogeneity, can predict contaminant 
concentrations and overall stream condition as well or better than percent composition 
measures (Gergel, 2005; Kearns et al., 2005; Alberti et al., 2007). 
Mechanisms of biological degradation 
Measures of macroinvertebrate assemblage structure have been used to reflect overall 
stream condition for decades, and the popularity of this strategy (called biomonitoring) is 
evidenced by its recent inclusion in U.S. water policy, which requires monitoring of 
biological communities to ensure compliance with regulation (Rosenberg & Resh, 1993). 
Several characteristics make macroinvertebrates particularly valuable as indicators of 
ecological condition.  They are present in most stream habitats and possess a diverse range of 
adaptive traits, allowing their use in studies of many types of degradation.  In addition, they 
are sedentary and long-lived relative to other aquatic organisms, and so they must endure a 
broad temporal range of impacts.  Since any given study cannot measure each possible form 
of stream degradation, invertebrates can be used to reveal overall stream condition 
(Rosenberg & Resh, 1993). 
Aside from their value as indicators of water and/or habitat quality, abundance and 
diversity of the invertebrate assemblage is, in its own right, an important aspect of the stream 
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ecosystem.  Invertebrates are both major consumers and prey in stream ecosystems, thus 
forming a critical link in the aquatic food web (Wallace & Webster, 1996).  As consumers of 
plant material and detritus, invertebrates play an important role in nutrient cycling in streams, 
and they serve to limit primary productivity and assist in decomposition of organic matter.  
Through feeding and movement, they facilitate the movement of materials from upstream to 
downstream locations (Wallace & Webster, 1996).  Although the importance of invertebrates 
in stream ecosystems is often overlooked, any efforts to restore stream ecosystems must 
consider the invertebrate assemblages as more than just a reflection of water and habitat 
quality. 
While much is known about urban and agricultural land use impacts on physical and 
chemical stream properties, a reliable model describing mechanistic linkages between these 
human land uses and degradation of invertebrate assemblages has thus far eluded stream 
ecologists (Paul & Meyer, 2001; Allan, 2004).  Knowledge of these linkages would benefit 
efforts to protect aquatic life in streams.  It may seem obvious that it is the many and varied 
forms of physical and chemical degradation described previously that impair aquatic life.  
However, as I will describe below, there have been many attempts to describe specific 
linkages connecting human land use, physical and chemical degradation, and biological 
decline.  Collectively, these suggest that a particular form of physical or chemical disruption 
may not affect aquatic biota in the same way in all instances.  Thus, the steps leading to 
unhealthy stream ecosystems are highly complex and still not well understood.   
 One method commonly used to investigate mechanistic linkages is to quantify 
relationships between stream biological metrics and physicochemical stream features, and 
then quantify relationships between those physicochemical features and land cover.  Burcher, 
Valett, and Benfield (2007) presented this strategy in a conceptual model, called the land-
cover cascade.  In this model, land use stimulates change in one or more intermediate 
variables, such as hydrology, geomorphology, and erosion/deposition traits, inducing a 
response in fish or macroinvertebrate assemblage composition.  Several studies generally 
follow this model in an attempt to describe the step-by-step linkages leading from land use 
alteration to negative impacts on stream biota.  In one such study, flashiness, or instability of 
the hydrologic flow regime, was both positively related to impervious cover and negatively 
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related to IBI scores (Booth et al., 2004).  In another, urban cover was negatively related to 
bed roughness, or coarseness of benthic substrate, which was in turn positively related to 
invertebrate IBI scores (Morley & Karr, 2002).  Morgan and others (2007) found positive 
relationships between urban land cover and nitrate, and then they determined that relatively 
low values of nitrate were associated with declining biotic integrity of invertebrates.  Roy 
and others (2003) found stream conductivity and turbidity to be positively associated with 
urban and agricultural cover, respectively.  In turn, conductivity and turbidity were 
negatively related to various invertebrate metrics indicative of good ecological condition 
(Roy et al., 2003).  Finally, Schulz and Liess (1999) found that water column pesticide 
concentrations, which were elevated after application to nearby agricultural fields, were 
associated with decreased invertebrate abundance and diversity.  In each of these cases, the 
intermediate variable was related to both human land cover and biological condition, 
suggesting that it could be a mechanistic link between these two.   
Studies that relate biological metrics to physicochemical features, but do not find 
relationships between those features and land cover, can also reveal potential mechanisms 
leading to biological degradation.  For example, substrate characteristics, particularly the 
extent to which coarse substrates remain available for colonization, often relate strongly to 
invertebrate community composition (Stewart et al., 2001; Roy et al., 2003; Wang & Kanehl, 
2003).  Additionally, channel characteristics such as bank stability, sinuosity, depth, and 
width-to-depth ratio often relate to assemblage composition (Richards et al., 1996; Nerbonne 
& Vondracek, 2001; Hrodey et al., 2009).  Elevated maximum water temperature and high 
concentrations of nitrogen and phosphorus have also been negatively associated with relative 
abundance of sensitive invertebrate taxa (Fitzpatrick et al., 2001; Wang & Kanehl, 2003).  
Collectively, these studies indicate that a complex array of factors, including hydrology, 
substrate composition, nutrients, conductivity, and channel characteristics can be in-stream 
features determining biological condition.  The complexity of human activities leading to 
alterations in stream features, and the further complexity created by variability in response of 
biological assemblages to those alterations, seems insurmountable.  However, a better 
understanding of mechanistic linkages would help develop more successful land use 
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management strategies and policies aimed at protecting aquatic life (Paul & Meyer, 2001), 
and so there is considerable motivation to continue this type of research. 
Relative impacts of urbanization and agriculture 
Another question researchers are asking in an attempt to understand human impacts on 
stream ecological condition is: which human land use, urbanization or agriculture, is more 
deleterious for stream ecosystems?  This question is interesting for several reasons.  First, if 
we compare the nature of stream degradation across land uses, we may gain a better 
understanding of the mechanisms by which each land use degrades stream systems.  Second, 
answering this question could guide decisions regarding urban expansion, and to determine if 
agricultural land conservation efforts are warranted not only for economic and cultural 
reasons, but also for environmental reasons (Cosner, 2001; Moore & Palmer, 2005). 
Thus far, studies that simultaneously quantified relationships between urban and 
agricultural land cover and stream biological metrics suggest that urban land use may do 
more harm to stream ecosystems than agricultural land use.  In fact, not only have biological 
metrics responded negatively to urban cover, but they have, in some cases, responded 
positively to agriculture (Wang et al., 2000; Wang et al., 2001; Stepenuck, Crunkilton & 
Wang, 2002; Moore & Palmer, 2005).  In other studies, there is indication of degradation in 
both urban and agricultural streams, but urbanization is often more strongly associated with 
this degradation (Lenat & Crawford, 1994; Roy et al., 2003; Snyder et al., 2003; Potter et al., 
2005; Utz et al., 2009).  Only in a few studies have subtle differences been found between 
urban and agricultural streams (Richards et al., 1996; Stewart et al., 2001; Burcher & 
Benfield, 2006), and rarely have studies shown agricultural streams in worse condition than 
urban streams (Moerke & Lamberti, 2006).  Interestingly, chemical and physical differences 
between urban and agricultural streams in these studies are generally not great enough to 
explain the relatively impoverished biological assemblages in urban streams (e.g., Lenat & 
Crawford, 1994; Snyder et al., 2003).  This further highlights the lack of understanding of 
how, specifically, these land uses adversely affect stream biological assemblages. 
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Effectiveness of restoration practices 
At present, knowledge gaps certainly make it difficult to carry out restoration projects 
aimed at mitigating land use impacts on streams.  However, perhaps the primary barrier to 
widespread success of restoration efforts is inadequate monitoring (Bernhardt et al., 2005; 
Alexander & Allan, 2007).  Analyzing over 37,000 river restoration projects using the 
National River Restoration Science Synthesis database, Bernhardt and others (2005) 
estimated that over $1 billion/year has been spent on stream and river restoration in the U.S. 
since 1990.  Unfortunately, little scientific information about the ecological success of those 
projects was learned because ecological monitoring was conducted for only 10% of them.  A 
more focused restoration survey conducted in the Midwestern U.S. also revealed inadequate 
monitoring (Alexander & Allan, 2007).  While 79% of projects monitored at least one 
variable, only 62% of those that monitored actually used monitoring data to determine 
project success.  Thus, although many projects were reported as “successful,” only 11% 
could be considered so based on improvement of some ecological variable.  Considering the 
abundance of financial and human resources invested in stream restoration in the U.S., it is 
unfortunate that so little is known about whether this investment has been worthwhile 
(Alexander & Allan, 2007). 
Where monitoring of in-stream, riparian, and upland restoration practices has occurred, 
results are mixed.  Regarding in-stream restoration practices, there is evidence of both failure 
and success.  Blakely and Harding (2005) found no clear evidence of chemical, physical, or 
biological improvement in an urban stream following in-stream and riparian restoration 
efforts.  The authors suggest that barriers such as on-going sediment and heavy metal loading 
from the watershed prevented measurable improvement.  Similarly, Levell & Chang (2008) 
found that a restoration project conducted to make an urban stream more resilient to high 
discharge events was largely ineffective; fine sediment accumulation and substantial channel 
shape alteration continue to occur, diminishing intended benefits to salmon habitat.  These 
authors attribute lack of improvement to large-scale processes that were not addressed by in-
stream restoration (Levell & Chang, 2008).  Channel reconfiguration (from single-channel to 
multiple-channel streams) in Germany increased hydromorphic diversity; for example, coarse 
substrate became more abundant and diverse (Jähnig & Lorenz, 2008).  However, monitoring 
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of invertebrate assemblages revealed no significant improvement.  Channel modification and 
in-stream habitat restoration in an Indiana stream resulted in elevated fish and invertebrate 
abundances, and habitat heterogeneity remained elevated five years after restoration (Moerke 
et al., 2004).  However, in this study fish and invertebrate diversity remained similar to levels 
found in unrestored reaches.  Following an extensive urban stream restoration project, in 
which sediment composition was reformulated, riparian vegetation was planted, banks were 
lowered and reshaped, and meanders and step-pool sequences were introduced, Kaushal and 
others (2008) detected significantly higher denitrification rates in restored reaches compared 
to unrestored reaches.  In this case, efforts to reconnect the stream with its floodplain 
appeared to restore a more natural nutrient processing regime.      
Monitoring of riparian restoration projects has also produced mixed results.  As mentioned 
previously, there is some evidence that watershed-wide landscape disturbance may 
overwhelm riparian-scale preserved or restored natural vegetation, particularly in urban areas 
(e.g., Walsh et al., 2007).  For example, a paired-reach study in urban streams revealed that 
overall biotic integrity was similar between stream reaches with and without forested riparian 
vegetation (Roy et al., 2005).  However, there is also evidence to the contrary suggesting 
that, under the right conditions, restored or preserved riparian vegetation along urban streams 
can affect stream condition positively (Miltner et al., 2004; Horwitz et al., 2008).  In an 
agricultural area, stream reaches with restored riparian buffers had greater numbers of 
sensitive invertebrate taxa, lower concentrations of nitrate, sediment, and fecal coliform 
bacteria, and increased allochthonous leaf litter abundance (Muenz et al., 2006).  In another, 
improved substrate habitat and higher fish and macroinvertebrate richness were found in 
buffered sites than in unbuffered sites (Duehr et al., 2006).   
Results are also varied concerning effectiveness of upland practices designed to restore or 
protect streams.  For example, evidence that design and construction of structural stormwater 
best management practices produced insufficient mitigation of water quality and water 
quantity problems has existed since the 1970s (McCuen, 1979).  More recently, Booth and 
others (2002) described the continuing inadequacy of traditional designs of detention ponds 
at preventing stream degradation.  Pennington, Kaplowitz and Witter (2003) assessed the 
ability of six stormwater best management practices (dry and wet ponds, wetlands, filtration 
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and infiltration practices, and swales) to remove various contaminants.  They found that, 
while some practices effectively removed some contaminants, none eliminated all targeted 
parameters (e.g., bacteria and nitrogen).  Research suggests that upland practices to restore 
streams might be more effective if they are more holistic (i.e., if they address watershed-wide 
sources of problems).  For example, agricultural upland practices, such as no-till farming, can 
reduce sediment and phosphorus inputs to streams and improve habitat quality (Yates et al., 
2006).  In an urban area, a low-impact residential development (e.g., with low effective 
imperviousness) had a hydrologic regime that more closely resembled hydrologic traits of 
undeveloped watersheds than a traditional development (Hood, Clausen & Warner, 2007).  
Other research also suggests that low impact development, which reduces connection 
between impervious surfaces and streams, has potential to reduce a wide array of urban 
impacts on streams (Walsh, 2004; Walsh et al., 2005; Roy et al., 2008).    
These studies indicate that successful stream restoration is possible under the right 
conditions.  However, they clearly show that implementing restoration practices does not 
guarantee measurable improvement in stream condition.  Improved monitoring of restoration 
projects is required to develop a better understanding of the appropriate conditions for a 
given restoration strategy.  This need must be met to protect stream ecosystems, but also to 
ensure that our considerable financial investment in stream restoration is not wasted.   
Political, economic, and social barriers 
If holistic, watershed-wide efforts are needed to fully restore streams impacted by human 
land uses, it is likely that considerable political, economic, and social barriers must be 
overcome.  Roy and others (2008, p. 344) identified seven major barriers, five of which are 
primarily political and economic in nature: “fragmented responsibilities,” “uncertainties in 
performance and costs,” “lack of legislative mandate,” “lack of institutional capacity,” and 
“lack of funding and effective market incentives.”  Fragmentation of responsibility occurs 
when watersheds cross political boundaries, giving regulatory authority over streams to 
multiple entities.  This makes integrative, watershed-wide efforts to restore streams difficult 
(Roy et al., 2008).  Additionally, some regulations are designed in a way that gives authority 
to multiple agencies or multiple levels of government, a situation that is exacerbated by 
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inadequate coordination among these entities (Karr & Yoder, 2004).  I will briefly discuss 
how the remaining four political and economic barriers apply in urban and agricultural 
landscapes. 
In urban areas, the primary U.S. policy addressing impacts on streams due to land use is 
the national pollutant discharge elimination systems (NPDES), implemented as part of the 
CWA (NRC, 2008).  While CWA regulation has generally been weighted more heavily 
toward point sources, 1987 amendments resulted in regulation of NPS pollution under 
NPDES authority since they included stormwater, which begins as NPS pollution but reaches 
streams through pipes (NRC, 2008).  However, this regulation applies only to new 
development, and so there is no mandate to address existing stormwater-related problems 
(Roy et al., 2008).  In addition, the municipalities charged with implementing efforts to 
reduce impacts of urban land use on streams sometimes lack the necessary funds and 
personnel to adequately carry out this task (White & Boswell, 2006; White & Boswell, 
2007).  Additional economic barriers to watershed-wide water management emerge because 
such efforts may require costly renovation of existing infrastructure (Roy et al., 2008).  
Additionally, even site-scale stormwater management practices may need to be much larger 
than traditionally thought in order to adequately process pollutants and protect streams, 
which means the costs of these already expensive practices will increase (Booth et al., 2002). 
Aside from impacts from confined animal feeding operations, which are regulated as point 
sources, agriculture-related impacts on streams are legally considered nonpoint-sources, and 
therefore escape CWA regulation of point-source pollutant discharges (Horan & Ribaudo, 
1999).  Agriculture is widely recognized as the land use contributing most severely to NPS 
pollution nationwide.  In spite of this recognition, NPS pollution due to agriculture does not 
lend itself to traditional regulation, and so effective policies have not been created (Dowd et 
al., 2008).  While considerable funding goes toward incentive-based stream protection 
programs under the farm bill, these are strictly voluntary and do not guarantee improvements 
in stream quality (Horan & Ribaudo, 1999).  Section 319 of CWA requires state agencies to 
identify NPS problems and describe steps to be taken to mitigate them, and it provides grants 
for projects targeted at reducing NPS pollution (Gannon et al., 1996).  However, it does not 
provide a legal mandate to reduce pollutant concentrations in streams, and it does not 
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regulate agricultural land use activities (Dowd et al., 2008).  Section 303(d) of CWA does 
provide for strict limits on pollutant concentrations in impaired waters by requiring the 
development of total maximum daily loads (TMDLs), which define the maximum discharge 
of a pollutant allowed so that water quality standards are not exceeded (Karr & Yoder, 2004).  
However, similar to the NPDES stormwater program, significant challenges face the TMDL 
program, such as lack of funding, technical expertise, and certainty in policy goals (Karr & 
Yoder, 2004).  Thus, no federal policy has yet been implemented that can sufficiently 
overcome the difficulties associated with regulating stream degradation due to agricultural 
land uses. 
Several social barriers also prevent substantial improvement in efforts to reduce human 
land use impacts on streams.  For example, public perception regarding alternative 
landscapes can create resistance against land use practices that lessen stream degradation.  
Riparian landowners in one study preferred neat and tidy riparian zones, even though they 
valued water quality and understood the connection between riparian buffers and clean water 
(Dutcher et al., 2004).  Residents participating in another study disliked encountering wildlife 
that inhabited natural areas within their community, even though these areas had valued 
social and environmental benefits (Towne, 1998).  Another potential social barrier is 
resistance to outside control.  For example, tension between non-expert residents and outside 
scientists created obstacles to improved management in an Oregon watershed (Cheng & 
Daniels, 2003).  Almost all rural residents in another study expressed negative opinions of 
outside government agencies enforcing best management practices for improved water 
quality on their properties (Dutcher et al., 2004).   
In addition, because urbanization and agriculture are human pursuits, the actions of many 
individuals combine to create impacts on stream ecosystems (Booth et al., 2004).  Thus, a 
lack of public awareness of the problems leading to stream degradation can be a significant 
barrier to stream restoration.  In fact, increased public awareness has been cited as a major 
requirement for success in various alternative management strategies, such as adaptive 
management of watersheds (Allan et al., 2008) and collaborative management of complex 
natural resource issues (Selin et al., 2007).  Public education about environmental issues is 
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also needed to reduce individuals’ contributions to pollution (Pickett et al., 2008) and to 
create communities where NPDES goals can be met (White & Boswell, 2007). 
In order to overcome these barriers, calls have been made for ecological researchers to 
integrate their research with human-centered disciplines (e.g., Grimm & Redman, 2004; 
Alberti et al., 2003; Young & Wolf, 2006).  In particular, management strategies that invite 
participation by a broad spectrum of academics, professionals, and citizens have been 
recommended in order to address the complex range of degrading sources, and to improve 
scientific understanding of the socioeconomic and political factors that contribute to stream 
degradation (e.g., Small & Uttal, 2005; Selin et al., 2007).  Accomplishing this integration 
has been and will continue to be difficult, as academics in ecological fields often lack 
funding, time, and expertise necessary to incorporate principles from other disciplines.  
However, some researchers have found success (Cook et al., 2004; Fenemor et al., 2008; 
Pickett et al., 2008), and the results of such studies suggest that this trend of integration is a 
promising step toward effectively reducing human impacts on stream ecosystems. 
Thesis organization 
This thesis contains four chapters: Chapter 1, General Introduction; Chapter 2, Linkages 
among land cover, in-stream environmental metrics, and macroinvertebrates in urban and 
agricultural streams of central Iowa; Chapter 3, Learning about ecosystems and restoration: a 
case study integrating public participation, stormwater management, and ecological research; 
Chapter 4, Conclusions.  Chapters 2 and 3 are manuscripts formatted for submission to 
scholarly journals.  I am the primary author of these manuscripts.  Raw data are located in 
appendices. 
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Abstract 
1. Previous investigations of land use impacts on stream ecosystems usually revealed that urban 
development had greater adverse effects on stream ecosystems than agriculture.  However, 
this type of research has rarely been conducted the Midwestern USA and similar regions, 
where intensive agriculture dominates the landscape yet urban areas are expanding.   
2. We quantified relationships among land cover, in-stream environmental metrics, and benthic 
macroinvertebrate metrics in headwater streams of central Iowa, USA.  Results were used to 
provide insight into differential impacts of agriculture and urbanization on stream ecological 
condition, and identify potential mechanisms of land use effects on biotic assemblages and 
stream condition. 
3. Due to predominance of disturbed land in the study area, metrics that were significantly 
related to urban land cover were often related to agricultural cover in the opposite direction.  
Turbidity and water column concentrations of nitrate and dissolved oxygen were negatively 
related to urban cover, and overhead canopy cover was positively related to urban cover.  
When in-stream environmental metrics were held constant, several invertebrate metrics 
considered highly indicative of stream condition were negatively related to urban cover, 
including total taxa richness, and Ephemeroptera, Plecoptera, and Trichoptera (EPT) densities 
and taxa richness. 
4. Comparison of relationships between in-stream metrics and land cover quantified at different 
spatial scales revealed that invertebrate metrics were most strongly related to land cover 
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measured at both local (e.g., riparian zone immediately adjacent to sample sites) and subbasin 
scales. 
5. Regardless of land cover, invertebrate abundance and diversity was positively related to 
abundance of coarse substrate and coarse particulate organic matter and plants.   
6. Our results suggest that even moderate levels of urban land use can have greater adverse 
effects on headwater stream ecosystems than intensive agriculture.  However, even in highly 
degraded streams, organism abundance and diversity, and related ecosystem functions, likely 
benefit from practices that maintain or increase abundance of coarse substrate, particulate 
organic matter, and plants. 
Introduction 
On a global scale, stream ecosystem condition, or health, is strongly and negatively related 
to type and intensity of human activity within the watershed.  Previous studies demonstrate 
that anthropogenic impacts on stream condition can be predicted and quantified on the basis 
of human land use, or land cover (e.g., Richards & Host, 1994; Roy et al., 2003; Moore & 
Palmer, 2005).  Disturbances associated with two dominant land uses, urban development 
and agriculture, can alter a multitude of chemical, physical, and biological stream features 
(Allan, 2004).  For both land uses, natural vegetation is cleared, channels are modified, and 
artificial drainage systems such as ditches, drain tiles, and urban storm sewers are installed 
(Allan, 2004).  These changes lead to rapid transport of water and contaminants from upland 
areas to streams, altered stream hydrology, and soil and streambank erosion that contributes 
excess sediment to streams (Neary, Swank & Riekerk, 1988; Trimble, 1997; Booth et al., 
2004).  Sediment inputs reduce stream water and habitat quality by increasing turbidity and 
burying coarse substrate (e.g., cobble), reducing the amount and diversity of available stream 
bottom habitat (Sutherland, Meyer & Gardiner, 2002).  In addition, clearing of riparian 
vegetation and associated loss of canopy cover can adversely affect stream quality through 
increased water temperatures and reduced food and habitat resources in the form of 
allochthonous woody debris and coarse particulate organic matter (Hetrick et al., 1998; Reid 
et al., 2008).   
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Both urban and agricultural land uses are also associated with increased application of 
fertilizers and discharge of human and animal waste, leading to elevated water column 
concentrations of nutrients (Wernick, Cook & Schreier, 1998; Morgan, Kline & Cushman, 
2007).  High nutrient concentrations lead to increased biological production and oxygen 
demand, potentially resulting in low dissolved oxygen concentrations (Berka, Schreier & 
Hall, 2001).  Finally, elevated concentrations of several major classes of toxic contaminants, 
including biocides and other synthetic chemicals, heavy metals, hydrocarbons, and road salt, 
are associated with agriculture and common urban activities such as industry, construction, 
and automobile traffic (Paul & Meyer, 2001; Beasley & Kneale, 2002; Megan et al., 2007).  
These contaminants adversely affect water quality, biological productivity and diversity, and 
ecosystem functionality (Paul & Meyer, 2001; Chadwick et al., 2006; Woodcock & Huryn, 
2007). 
Watersheds of central Iowa, USA, are among the most altered watersheds in the world.  
Due in part to fertile soils, abundant precipitation, and relatively flat topography, almost the 
entire terrestrial landscape of central Iowa is currently used for agriculture (IDNR, 2000).  
Furthermore, demand for agricultural land is increasing in response to increased demand for 
biofuels (Secchi et al., 2008).  Consequently, there will be substantial pressure to intensify 
agricultural land use and to use land presently covered by natural vegetation, including 
streamside vegetated land currently managed to preserve stream condition (Secchi et al., 
2008).  Although comprising a much smaller percentage of land in Iowa, abundance of urban 
land has increased in the past few decades as the percentage of Iowa’s population defined as 
urban has increased from 48% in 1950 to 61% in 2000 (IDNR, 2000; USBC, 2008).  As a 
result of urban expansion and landscape alterations to enhance agricultural productivity, 
central Iowa streams will be subjected to increasingly diverse and severe threats. 
In this study, we quantified relationships among abiotic and biotic features (i.e., metrics) in 
central Iowa streams, and land cover (i.e., land use).  Our objectives were to 1) identify in-
stream physical, chemical, and biological metrics that were strongly related to land cover, 
providing insight into differential agricultural and urban impacts on stream ecological 
condition, 2) evaluate land use effects on a biotic assemblage (i.e., benthic 
macroinvertebrates) through relationships with land cover and other in-stream metrics, 
25 
 
3)_assess relative impacts of intensive agriculture and moderate urban development on 
stream ecological condition, and 4) gain insight into appropriate spatial scales of land cover 
measurement to identify effects on in-stream metrics.   
To protect and manage aquatic ecosystems in central Iowa and similar landscapes, it is 
imperative that we obtain a full understanding of land use effects, and underlying 
mechanisms for impacts.  Several previous studies simultaneously investigated and compared 
effects of urbanization and agriculture on headwater stream ecosystems (e.g., Lenat & 
Crawford, 1994; Richards & Host, 1994; Moore & Palmer, 2005), and a few have done so in 
the Midwestern United States or a similar landscape dominated by intensive agriculture 
(Wang et al., 2000; Stepenuck, Crunkilton & Wang, 2002; Moerke & Lamberti, 2006).  
Previous studies conducted in the Midwestern USA related quantitative measures of land 
cover and in-stream metrics (Stewart et al., 2001; Wang et al., 2001; Snyder et al., 2003; 
Wang & Kanehl, 2003).  However, to our knowledge, this is the first study to quantify 
relationships among land cover and in-stream physical, chemical, and biological metrics in 
headwater streams of the Midwestern USA, while at the same time quantifying relationships 
between biotic and abiotic in-stream metrics.  By examining relationships between land 
cover and in-stream metrics, and among abiotic and biotic in-stream metrics, we sought to 
identify potential mechanistic linkages between land use and biotic assemblages, and 
therefore improve our understanding of land use impacts on stream condition.  Finally, by 
quantifying land cover at multiple spatial scales (e.g., local riparian zone, extended riparian 
zone, subbasin), we contribute to a better understanding of appropriate scales at which to 
direct land management efforts for purposes of protecting and enhancing stream ecological 
condition. 
Methods 
Study area and site description 
Streams included in this study were located in the Des Moines Lobe ecoregion of central Iowa, 
within the South Skunk River watershed of the Upper Mississippi River basin.  Elevation in the 
study area ranged from 272 to 356 m.  Sample sites were established along first, second, or third-
order segments of five streams (Fig. 1).  Sites along College and Clear Creeks were located 
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within the city limits of Ames, IA, a mid-sized urban center with a population of 50,700.  
However, like much of Iowa, land along the upper reaches of College and Clear Creeks was 
dominated by agriculture.  Sites in Bear, Long Dick, and Keigley Creeks were in rural areas, 
within watersheds dominated by row crop fields.   
Between five and 10 sites were selected along each stream for a total of 31 sample sites (Fig. 
1).  Each sample site consisted of a 10-m long section of stream that was defined at the outset of 
the study.  Sample sites were generally located at regularly-spaced and accessible points along 
each stream, with the exception of three aggregated sites on College Creek that were part of 
another study, and were included because of their proximity to recently-installed best 
management practices.  Sites exhibited a wide range of landscape and in-stream features.   
Land cover 
The reference point for land cover quantification was located at the downstream end of each 
sample site.  We quantified land cover for each site at four spatial scales (areal extent): local 
(riparian zone within 100 m of the stream, extending 100 m upstream from sample site), 1k 
(riparian zone within 200 m of the stream, extending 1 km upstream), network (riparian zone 
within 200 m of the stream, for the entire upstream length), and subbasin (entire watershed area 
upstream of each sample site; delineated manually for each site using topographic map imagery 
with 3.05-m contour lines; Iowa State University, 2008) (Fig. 2).  Spatial scale dimensions 
replicated those used in previous investigations of relationships between stream metrics and land 
cover (Morley & Karr, 2002; Walsh et al., 2007).  Subbasin area contributing to each site ranged 
from 5.7 to 95.8 km2.    
To obtain high resolution land cover data for the three smallest spatial scales, we digitized land 
cover within 200-m of each stream using 2007 United States Department of Agriculture National 
Aerial Photography Program aerial images (USDA, 2007).  Accuracy of digitally-derived data 
for local scale land cover was confirmed during field visits in 2007.  Subbasin-wide land cover 
data were acquired from 2002-2003 aerial images that were digitized and classified (15-m 
resolution) by the Iowa Department of Natural Resources (Iowa Geological Survey, 2004).  All 
land cover data were assigned to distinct classes using a classification scheme similar to 
Anderson et al. (1976), but modified to include specific cover types (e.g., mown lawns) that may 
be important in small watersheds (Table 1).  Classes were then aggregated into land cover 
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categories, including percentage of urban land (% urban), agricultural land (% agriculture), and 
perennially-vegetated land (% PV; i.e., natural vegetation).  These three categories were 
mutually exclusive; at each sample site and spatial scale of measurement, % urban, % 
agriculture, and % PV summed to 100%.  To gain insight into specific features that might 
influence stream conditions, percent impervious surface cover (% ISC) and road density (gravel 
and paved; m of road km-2) were also quantified.  ArcMap 9.2 (ESRI, Redlands, CA) was used to 
delineate spatial scales, digitize and classify images, and quantify land cover metrics.   
Measurement of in-stream environmental metrics 
In-stream measurements of nitrate-nitrogen (NO3-N; hereafter nitrate), total phosphorus 
(hereafter phosphorus), total suspended solids (TSS), turbidity, pH, temperature, dissolved 
oxygen, and discharge were measured at the downstream end of each sample site during daylight 
hours on five dates between 14 June and 18 July 2007.  With exception of discharge, each metric 
was measured in mid-channel.  Each of these metrics was measured every three to eight days, 
and the order in which sites were sampled on any given date was randomly determined.   
Water column concentrations of nitrate, phosphorus, and TSS were measured from grab 
samples analyzed in the laboratory using USEPA standard methods (353.2 for nitrate; 365.1 and 
365.3 for phosphorus; USEPA, 1978; 1993a; 1993b) and APHA (2005) for TSS.  Turbidity, pH, 
and temperature were measured on site with electronic meters.  Dissolved oxygen was measured 
on site using either the Winkler method or an electronic meter.  Discharge was measured using 
methods of Rantz et al. (1982).  We stretched a tape measure across the stream, divided the 
channel into five cells of equal width, and measured stream depth at the midpoint of each cell.  
Within each cell, we used a current meter to record four flow velocity readings at six-tenths 
depth.  We calculated an average value from these four readings, multiplied this average velocity 
by the cross-sectional area of the cell, and summed the resulting five values (one per cell) to 
obtain total discharge for a sample site.  For each metric described above, an overall mean value 
for each site was calculated from the five daily measurements taken at that site.  This mean value 
was used in statistical analyses.   
Additional physical habitat metrics were measured on a single date in mid-July (9 to 18 July 
2007) at three randomly-determined plot locations within each sample site.  These metrics were 
measured on the same date and at the same locations as macroinvertebrate sampling, but were 
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measured prior to macroinvertebrate sampling.  Three 0.09-m² plot locations were randomly 
selected from a grid of 100 equally-spaced points covering the mid-channel region of the sample 
site (i.e., entire stream exclusive of the 0.5-m area adjacent to each bank).  A tape measure was 
used to measure wetted channel width at each sampling plot.  Water depth and flow velocity 
were measured from the center of each sampling plot using methods previously described for 
discharge measurement.  Overhead canopy cover (% canopy) was measured using a spherical 
densiometer.  We quantified inorganic substrate composition within each plot using two 
methods.  First, percent of streambed surface covered by fine (< 2 mm in diameter; silt/clay and 
sand) and coarse (% coarse substrate; > 2 mm in diameter; gravel, cobbles, and boulders) 
inorganic material was visually assessed and recorded (Gordon, McMahon & Finlayson, 1992).  
These two categories constituted 100% of inorganic substrate material.  Second, we extended a 
tape measure across the plot at three points (center of plot and at two points midway between the 
center and upstream and downstream margins of the plot), and followed streambed contours 
(Stewart & Garcia, 2002).  The ratio of actual distance across the plot, including contours, to the 
30-cm horizontal width of the plot provided a quantitative measure of substrate complexity and 
roughness, an important measure of benthic habitat quality. 
Macroinvertebrate and plant/organic matter sampling and processing 
Immediately after measuring physical habitat metrics within 0.09-m2 plots (9 to 18 July 2007), 
we sampled plots for macroinvertebrates (hereafter, invertebrates) and living and nonliving plant 
material.  A 30-cm wide D-frame dip net (500-µm mesh) was used to collect invertebrates and 
plant material using methods modified from USEPA’s wadeable streams bioassessment protocol 
(Barbour et al., 1999).  After placing the net firmly against the substrate, we used a shovel and 
hands to transfer the top 5 cm of substrate into the net.  Prior to transferring substrate to the net, 
large objects with less than 50% of surface area contained within the plot were removed and 
excluded from the sample.  After transferring material retained in the net to a bucket, large 
inorganic particles were scrubbed to remove attached invertebrates and plant material, and then 
discarded.  Samples from all three plots at a single sample site were combined, and the 
composite sample material (small inorganic particles, invertebrates, plant material) was 
preserved in 10% buffered formalin containing rose bengal dye.  Formalin was replaced with 
70% ethanol within 24 hours of collection.  
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Samples were processed in the laboratory.  First, sample contents were emptied into a pan and 
a comprehensive large-bodied invertebrate search was conducted (organisms visible to the 
unaided eye; longest axis > 0.5 cm) to account for taxa frequently under- or overestimated by 
subsampling approaches (King & Richardson, 2002).  After large-bodied invertebrates were 
removed, sample contents were homogenized in a pan that was divided into forty-two 38.5-cm² 
cells.  A cell was randomly selected, its contents were examined under 10× magnification, and 
invertebrates of any size were removed (King & Richardson, 2002).  Additional cells were 
randomly selected and processed in their entirety until at least three cells were processed and > 
100 invertebrates were collected (excluding numbers collected during the comprehensive large-
bodied invertebrate search).  Subsampled invertebrates were stored separately from 
comprehensively sampled large-bodied invertebrates. 
Standard taxonomic references (Thorp & Covich, 2001; Merritt, Cummins & Berg, 2008) were 
used to identify insects and mollusks to family level, whereas other invertebrate groups were 
identified to order or class.  Each taxon was assigned to one or more functional feeding groups 
(FFGs; Thorp & Covich, 2001; Merritt et al., 2008).  We calculated several invertebrate-based 
metrics that are frequently used to assess stream condition.  Invertebrate densities (total and by 
individual taxon) were quantified as number of individuals m-2.  Total invertebrate biomass (g 
AFDW m-2) was determined by drying invertebrates at 60°C for 24 h and then ashing at 500°C 
for 4 h (APHA, 2005).  Total taxa richness was quantified as the total number of taxa recorded at 
each site.  Shannon’s diversity and evenness were calculated based on taxa richness and 
invertebrate densities.  Density, richness, and percent of total invertebrate density composed of 
mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies (Trichoptera) (EPT), were also 
quantified.  Finally, we calculated the number of distinct functional feeding groups (FFGs; 
collector-gatherers, collector-filterers, scrapers, shredders, and predators) represented at each site 
(FFG richness), and also determined taxa richness within these five FFGs (Thorp & Covich, 
2001; Merritt et al., 2008).  If a taxon (e.g., insect family) was known to occupy multiple FFGs, 
it was recorded within each reported FFG.  However, because genera within the non-biting 
midge taxon (Chironomidae) occupy all FFGs considered in our study, this family was not 
included in determination of FFG richness and FFG taxa richness.  Invertebrate metric values for 
each sample site were based on invertebrates collected from sub-sampling and the 
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comprehensive large-bodied search, accounting for the percentage of sample processed during 
sub-sampling. 
Following removal of invertebrates from each sample, all pieces of plant material > 3 cm in 
length were removed and transferred to a container for storage.  All smaller pieces and clumps of 
plant material (> 1 cm long) were also removed from cells randomly selected for invertebrate 
subsampling.  Similar to invertebrates, small and large plant material were stored in separate 
containers.  Plant material was subsequently separated into two categories: woody debris (> 3 cm 
in length and 1 cm in diameter) and other material that consisted of smaller woody debris and all 
nonwoody coarse particulate organic matter, living plants, and macroalgae (hereafter 
CPOM/plant).  After drying material (60 °C for 24 hours) woody debris and CPOM/plant 
abundance (g dry weight m-2) were determined based on subsampling and the comprehensive 
search, as described above for invertebrate metrics. 
Data analysis 
Correlation and regression analyses and non-metric multidimensional scaling (NMDS) 
were used to quantify relationships among land cover, invertebrate metrics, and other in-
stream metrics (hereafter environmental metrics).  For all analyses, relationships were 
considered statistically significant at p < 0.05.  Of 17 measured in-stream environmental 
metrics, 13 were included in statistical analyses: nitrate, phosphorus, turbidity, pH, 
temperature, dissolved oxygen, channel width, depth, flow velocity, % canopy, % coarse 
inorganic substrate (hereafter, % coarse substrate), woody debris, and CPOM/plant.  
Excluded metrics were adequately accounted for by metrics included in statistical analyses.  
Turbidity functioned as a surrogate for total suspended solids (r = -0.41, p = 0.021), and 
substrate complexity was excluded since it was an alternative measure of, and strongly 
correlated to, % coarse substrate (r = 0.57, p < 0.001).  Stream width, depth, and flow 
velocity collectively accounted for discharge, and were more likely than discharge to have 
direct impacts on invertebrates.  We also excluded % fine inorganic substrate from analyses 
since this metric was inversely related to % coarse substrate.   
Correlation analysis was used to quantify relationships between land cover and in-stream 
environmental metrics.  We used multiple linear regression to identify environmental and 
land cover metrics (independent variables) that were related to invertebrate metrics 
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(dependent variables).  First, all-subsets variable selection was used to select the set of in-
stream environmental metrics that best explained variation in each invertebrate metric 
(excluding individual taxa densities) across sites.  For each invertebrate metric, we compared 
regression models containing all possible combinations of independent variables (Rathert et 
al., 1999; Ramsey & Schafer, 2002), and selected the best model for each dependent variable 
using two criteria.  First, parameter coefficients for all independent variables included had to 
be significantly different from zero.  Secondly, we selected models generating smallest 
values for Mallow’s Cp statistic and Akaike’s Information Criterion, as these models had 
least bias due to exclusion of important variables and the least additional variance due to 
inclusion of unnecessary variables (Ramsey & Schafer, 2002).   
In the second step of regression analysis, we quantified relationships between invertebrate 
metrics and land cover.  When all-subsets variable selection produced a model with a 
statistically significant relationship between an invertebrate metric and in-stream 
environmental metrics, we re-evaluated models after entering land cover variables into the 
model.  This allowed us to evaluate relationships between land cover and each invertebrate 
metric, while accounting for effects of in-stream environmental metrics.  Using a sequential 
procedure (Alberti et al., 2007), we added one land cover metric (one land cover category 
measured at one spatial scale) to each previously-generated regression model, performed a 
new regression analysis, and repeated this procedure after replacing the original land cover 
metric with a different one.  If an invertebrate metric was unrelated to in-stream 
environmental metrics based on all-subsets variable selection, simple linear regression 
analysis was used to quantify the relationship between that invertebrate metric and each land 
cover metric.  We used parameter coefficient (β), p-values, and change in model adjusted R2 
to assess and compare strength of relationship between invertebrate and land cover metrics 
(Ramsey & Schafer, 2002). 
To describe quantitative relationships among invertebrate taxa, in-stream environmental 
metrics, and land cover, invertebrate taxa densities were ordinated using nonmetric 
multidimensional scaling (NMDS; Bray Curtis dissimilarily distance matrix).  Rare taxa (i.e., 
present at fewer than three sample sites) were excluded from this analysis.  Vectors 
representing in-stream environmental metrics and land cover metrics were fitted using the 
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function envfit (Oksanen, 2005).  Scales of land cover measurement used in NMDS were 
based on results of multiple regression analyses of relationships among invertebrate metrics, 
in-stream environmental features, and land cover.  Land cover scales that produced the 
strongest relationship between land cover and invertebrate metrics in multiple regression 
were used in NMDS.  Vectors representing land cover and in-stream environmental metrics 
were plotted if they were significantly correlated (p < 0.05) with the ordination configuration 
by permutation test (n = 1000). 
Prior to conducting statistical analyses, data were transformed to meet assumptions of 
parametric statistical tests (Zar, 1999).  Invertebrate biomass, densities, and taxa richness, as 
well as environmental metrics represented by continuous data, were log10(χ +1) transformed.  
All percentage data (i.e., land cover data and environmental metrics represented by 
proportional data) were normalized using arcsin square-root transformations (Zar, 1999).  
Regression and correlation analyses were performed using JMP version 7 (SAS Institute, 
Cary, NC, USA), and NMDS was done using R version 2.8.1 (R Development Core Team, 
Vienna, Austria).  
Results 
Land cover 
Of all study streams, land adjacent to and upstream of sample sites on College Creek had the 
highest percent urban cover and impervious surface (% urban and % ISC) and road density (RD) 
at all four spatial scales of land cover measurement (Table 2).   Percent urban and impervious 
surface cover and road density were also higher in the vicinity of Clear Creek sites relative to 
Bear, Long Dick, and Keigley Creeks.  In contrast, land cover near Bear, Long Dick, and 
Keigley Creek sample sites was dominated by agriculture, especially at network and subbasin 
spatial scales.  Perennial vegetation (% PV) was abundant in the riparian zones of all study 
streams, with highest percent cover recorded from land adjacent to Clear Creek sites.  However, 
% PV declined with increasing spatial scale due to high urban and agricultural land cover outside 
of riparian areas. 
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In-stream environmental metrics 
Values for many in-stream environmental metrics varied substantially across streams and 
sample sites (Table 3).  Relative to other streams, mean values for nitrate, phosphorus, and 
temperature were high in Long Dick Creek, whereas average values for other indicators of 
degraded water quality, including turbidity and total suspended solids, were highest in Bear 
Creek.  In contrast, average values for nitrate and turbidity were lowest in College Creek, 
lowest average values for phosphorus and temperature were recorded from Clear Creek, and 
the lowest average value for total suspended solids occurred in Keigley Creek.  Diurnal 
dissolved oxygen was, on average, highest in Long Dick Creek and lowest in Clear Creek.  
Regarding channel dimensions, average width was highest in Keigley Creek and lowest in 
Bear and Clear Creeks.  Sample plot depth was shallowest in Clear Creek and deepest in 
Long Dick Creek.  Flow velocity in sample plots was highest in Keigley Creek and lowest in 
Long Dick Creek.  Long Dick and Keigley Creeks had relatively high mean discharge, while 
average discharge at College Creek sites was substantially lower than at sites in other study 
streams.  Overhead canopy at sample sites was most abundant at Clear Creek and least 
abundant at Long Dick Creek.  For physical streambed metrics, average values for % coarse 
substrate were highest in Clear Creek and lowest in Long Dick and Bear Creeks.  Average 
CPOM/plant abundance was highest at Long Dick Creek sample sites, and lowest at Clear 
Creek sites.  However, abundance of woody debris was, on average, lowest in Long Dick 
Creek and highest in College Creek.  Substrate complexity and pH varied little across 
streams (Table 3).   
Relationships between environmental metrics and land cover 
Correlations between in-stream environmental metrics and land cover indicated that, in 
general, metrics strongly related to % urban were related to % agriculture in the opposite 
direction (Table 4).  Nitrate concentration was negatively related to % urban (and positively 
related to % agriculture) at all spatial scales of land cover measurement.  Nitrate was also 
negatively related to % perennial vegetation at network and subbasin spatial scales.  
Turbidity, which along with nitrate is frequently indicative of degraded stream condition 
when values are high (Henley et al., 2000), was also negatively related to % urban cover at 
three of four spatial scales.  In general, pH was negatively related to % agriculture and 
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positively related to % PV.  Diurnal dissolved oxygen was negatively correlated with % 
urban and % PV at all but the local spatial scale, and was positively related to % agriculture 
at all scales.  Depth was also negatively related to % PV at two spatial scales.   
Overhead canopy cover, coarse substrate, woody debris, and CPOM/plant abundance are 
frequently associated with invertebrate resources and good overall ecological condition in 
streams (Cummins & Klug, 1979; Kelly, Bothwell & Schindler, 2003).  Overhead canopy 
cover was more prevalent at sites that had high % urban cover and % PV.  CPOM/plant 
abundance at sites was negatively correlated with % PV at all but subbasin spatial scales.  
Total phosphorus, temperature, channel width, flow velocity, % coarse substrate, and woody 
debris abundance were generally unrelated to land cover (Table 4). 
Invertebrate metrics 
Forty-two invertebrate taxa were recorded during this study (Table 5).  The most abundant 
taxa were non-biting midges (Diptera, Chironomidae) and aquatic earthworms (Annelida, 
Oligochaeta), which occurred at all 31 sample sites and collectively constituted 74% of 
recorded invertebrates.  Other taxa that were frequently recorded and often occurred at high 
densities included flatworms (Platyhelminthes, Turbellaria), physid snails (Gastropoda, 
Physidae), fingernail clams (Bivalvia, Sphaeriidae), and riffle beetles (Coleoptera, Elmidae) 
(Table 5). 
Because several representative species of non-biting midges and aquatic earthworms are 
collector-gatherers, this appeared to be the most abundant FFG at sample sites (Table 5).  
Scrapers were also abundant, including physid snails and riffle beetles.  Flatworms were 
relatively abundant representatives of the predator FFG, and abundant collector-filterers 
included fingernail clams, black flies (Diptera, Simuliidae), and common netspinning 
caddisflies (Trichoptera, Hydropsychidae).  Of shredders, the least abundant FFG, common 
taxa included little stout crawler mayflies (Ephemeroptera, Leptohyphidae) and 
microcaddisflies (Trichoptera, Hydroptilidae).       
Total invertebrate density varied substantially across sites; there were 919 organisms m-2 at 
the least populated site and over 20,000 organisms m-2 at the most densely populated site 
(Table 6).  Based on invertebrate metrics exclusive of individual taxa densities, Clear and 
College Creeks had the most depauperate invertebrate assemblages.  Of all streams, Clear 
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Creek had the lowest average values for total density, biomass, and taxa richness, Shannon 
diversity and evenness, FFG richness, and richness of filterer, scraper, shredder, and predator 
taxa.  On average, Clear and College Creeks also had lower EPT density, EPT richness, % 
EPT, and gatherer taxa richness than other streams.  Except for Clear Creek, values for total 
taxa richness, and richness of filterer, scraper, shredder, and predator taxa were lower in 
College Creek than in other streams.  In contrast, Keigley Creek had high values for most 
invertebrate metrics.  Average values for total taxa richness, Shannon diversity and evenness, 
EPT density, EPT richness, % EPT, FFG richness, and taxa richness within all five FFGs 
were higher in Keigley Creek than in all other streams.  On average, Long Dick Creek sites 
had the highest total invertebrate density and biomass (Table 6) 
Regression analyses of relationships between environmental and invertebrate metrics 
Multiple regression analyses revealed that 11 invertebrate metrics (exclusive of taxa 
densities) were statistically related to in-stream environmental metrics (Table 7).  Of 
environmental metrics, CPOM/plant abundance was most frequently, and often most 
strongly, related to invertebrate metrics, being positively associated with total density, 
biomass, and taxa richness, Shannon diversity and evenness, and richness of gatherer, 
scraper, and predator taxa.  Coarse substrate abundance (% coarse substrate) was also 
positively related to many metrics, specifically total taxa richness, Shannon diversity, EPT 
richness, and taxa richness of filterers, gatherers, scrapers, and predators.  Turbidity was 
positively related to Shannon diversity and evenness, EPT density and richness, and richness 
of gatherer and scraper taxa.  Diurnal dissolved oxygen concentration was positively related 
to EPT density, EPT richness, and predator taxa richness.  Overhead canopy cover and 
woody debris abundance were also significantly related to multiple metrics, but relationships 
were not consistently positive or negative.  Velocity, channel width, depth, and pH were 
significantly related to one or two invertebrate metrics (Table 7).   
Regression analyses of relationships between land cover and invertebrate metrics 
After accounting for important in-stream environmental metrics (Table 7), subsequent 
addition of land cover to regression models revealed that urban land cover was significantly 
related to six invertebrate metrics at one or more spatial scales (Table 8a).  One additional 
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invertebrate metric that was unrelated to all in-stream environmental metrics (shredder taxa 
richness) was also related to urban cover.  In all cases where a statistically significant 
relationship existed, % urban was negatively related to the invertebrate metric in question.  
Total taxa richness, EPT density, and gatherer, scraper, and shredder taxa richness were 
negatively related to % urban at all spatial scales, whereas EPT and filterer taxa richness 
were negatively related to % urban at two land cover spatial scales.  In all cases, addition of 
% urban to regression models at either local or subbasin scales produced the largest increase 
in adjusted R2, indicating that relationships between invertebrate metrics and land cover were 
strongest at the largest and smallest spatial scales of land cover measurement (Table 8a).   
After accounting for in-stream environmental metrics, % agriculture was positively related 
to five invertebrate metrics (Table 8b).  Percent agriculture was significantly related to 
scraper and shredder taxa richness at all spatial scales, to total taxa richness, EPT density, 
and gatherer taxa richness at three spatial scales, and to EPT taxa richness at the subbasin 
scale.  Consistent with the trend seen for urban land cover, the largest increases in adjusted 
R2 usually occurred when agriculture at local and subbasin measurement scales were added 
to previously constructed regression models.  Finally, perennially-vegetated land cover was 
negatively related to six invertebrate metrics, including total taxa richness, EPT density and 
taxa richness, and taxa richness of filterers, gatherers, scrapers, and shredders (Table 8c).  
However, relationships were statistically significant only at the subbasin scale.   
Relationships among invertebrate taxa densities and environmental metrics 
Because regression analyses revealed especially strong relationships between invertebrate 
metrics and land cover at local and subbasin scales, these two land cover scales were 
included in nonmetric multidimensional scaling analyses of invertebrate densities (Fig. 3).  
The simplest NMDS ordination which minimized stress (final stress = 15.05) contained three 
dimensions; metrics related to the first pair of axes in this ordination are displayed (Fig. 3).  
NMDS results revealed that, similar to other invertebrate metrics, densities of many taxa 
(e.g., several EPT taxa, including Caenidae, Helicopsychidae, Hydroptilidae, Isonychiidae, 
Leptoceridae, Leptohyphidae) were negatively related to urban cover and positively 
associated with agricultural cover.  Only flatworm (Turbellaria) densities were positively 
associated with urban cover.  Of in-stream environmental features, CPOM/plant abundance 
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was strongly and generally positively related to invertebrate densities, including leeches 
(Annelida, Euhirudinea), physid snails, planorbid snails (Gastropoda, Planorbidae), isopods 
(Crustacea, Isopoda), and diving water beetles (Coleoptera, Dytiscidae).  Many additional 
taxa, including EPT taxa considered sensitive to stream degradation, were positively 
associated with habitats having shallow depth, high flow velocity, abundant coarse inorganic 
substrate, and high turbidity (Fig. 3). 
Discussion 
The terrestrial landscape where this study occurred was greatly altered by anthropogenic 
activity.  Across all sample sites, between 80% and 94% of subbasin land area was modified 
for urban and agricultural land use.  Due to extensive natural (i.e., perennial) riparian 
vegetation near some sites and almost complete absence of riparian vegetation near other 
sites, abundance of altered land at a local scale was highly variable (range across sites =  
0.2% - 100% agricultural and urban cover).  Agriculture, composed mostly of row crop 
fields, dominated land upstream of many sample sites, covering up to 92% and 93% of 
subbasin and local land area, respectively.  Up to 35% and 100% of land was categorized as 
urban at subbasin and local scales, respectively.  In this heavily disturbed landscape, stream 
features were strongly related to human land use.   
Land cover and in-stream environmental metrics 
Environmental metrics provided evidence of degraded stream conditions in both 
agricultural and urban areas of our study.  In particular, nitrate concentrations in all study 
streams were similar to or exceeded those reported from other Midwestern USA watersheds 
dominated by row-crop agriculture, and concentrations at all sites were considerably greater 
than 3.2 mg L-1, a threshold above which invertebrate-based biotic integrity was consistently 
rated as “poor” in a 2006 USEPA Wadeable Streams Assessment (Morgan et al., 2006; Van 
Sickle & Paulsen, 2008; Wagner et al., 2008).  Turbidity levels in more agricultural streams 
of our study were similar to levels in other Midwestern agricultural streams, but turbidity 
values at more urbanized sites were high relative to other Midwestern urban streams (Moerke 
& Lamberti, 2006).  In addition, diurnal oxygen concentrations at sites flowing through both 
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urban and agricultural areas in our study were occasionally below minimum levels 
considered necessary to support aquatic life in streams (5 mg L-1; IDNR, 2002). 
Although environmental metrics indicated degraded conditions at stream sites within all 
landscapes, several environmental metrics did vary as a function of land cover, suggesting 
differential effects of land use on stream water and habitat quality.  Due to overall dominance 
of urban and agricultural land in the vicinity of study sites, metrics positively related to one 
land cover category were often necessarily negatively related to the other category.  Negative 
relationships between urban land cover and both nitrate and turbidity likely resulted from 
comparatively high loadings of nutrients and sediments to streams in agricultural areas.  
Similar to our study, previous investigators found higher nitrate concentrations in streams 
more closely associated with agricultural cover than with urban cover (Snyder et al., 2003; 
Coulter, Kolka & Thompson, 2004).  However, unlike our study, Coulter et al. (2004) found 
turbidity and suspended sediment concentrations to be higher in urban than in agricultural 
areas.  Specific landscape characteristics and local land use practices may explain differential 
responses of environmental metrics to land cover type across studies.  For example, in our 
study area, riparian forests were generally more common in urban areas than in agricultural 
areas, as reflected by the positive relationship between urban land and overhead canopy 
cover.  Trapping and retention of nutrients and sediments by terrestrial vegetation may have 
contributed to reduced turbidity and nitrate concentrations at sample sites in urban areas of 
our study (Matteo, Randhir & Bloniarz, 2006; Muenz et al., 2006).   
 Land cover, in-stream nutrient concentrations, and overhead canopy cover might also have 
contributed to relationships between dissolved oxygen and land cover in our study.  High 
nitrate concentrations, and high light intensity due to reduced overhead canopy, might have 
stimulated primary production and caused elevated diurnal dissolved oxygen at study sites in 
agricultural areas (Hetrick et al., 1998; Biggs, 2000).  Biological oxygen demand might also 
have been higher at nutrient-rich stream sites, possibly resulting in relatively low nocturnal 
oxygen levels in agricultural areas (Berka et al., 2001).  However, diel fluctuations in 
dissolved oxygen were not detected in our study because oxygen was measured only during 
daylight hours.  Finally, we cannot rule out the possibility that some unknown factor 
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exclusive of primary production caused the negative relationship between dissolved oxygen 
and urban land cover. 
Based on field observations, we conclude that negative relationships between CPOM/plant 
abundance and perennial vegetative cover at small spatial scales of land cover measurement 
(e.g., riparian vegetation) reflected greater abundance of macroscopic algae and plants at 
unshaded study sites.  Unshaded sites were primarily located in agricultural areas, providing 
supporting evidence for our hypothesis that diurnal dissolved oxygen was influenced by in-
stream primary production.  Finally, significant relationships between pH and land cover are 
difficult to explain and interpret due to multiple chemical constituents that can influence pH 
(Beasley & Kneale, 2002), and minimal variation in pH across our 31 study sites (range = 
7.7-8.5).   
In summary, several environmental metrics, specifically nitrate, turbidity, overhead canopy 
cover, CPOM/plant abundance, and possibly dissolved oxygen, appeared to be useful 
indicators of land use effects on ecological conditions at our headwater stream study sites.  
However, invertebrate metrics provided far greater insight into land use effects than was 
possible from exclusive reliance on environmental metrics.  
Land cover, environmental metrics, and invertebrates 
Invertebrate assemblages at nearly all study sites were dominated by collector-gatherers, 
particularly aquatic earthworms (Oligochaeta) and non-biting midges (Chironomidae).  
Relatively high abundance of these organisms in headwater streams is often associated with 
degraded conditions caused by human activity (Nedeau, Merritt & Kaufman, 2003; Ourso & 
Frenzel, 2003), providing additional support for our hypothesis that all study streams were 
degraded to some extent.  However, invertebrate metrics provided statistical evidence that 
adverse effects of urbanization exceeded agricultural impacts on stream condition.  Several 
metrics frequently recognized to reflect ecological condition (Rosenberg & Resh, 1993; 
Barbour et al., 1999) were negatively related to urban land cover, including total taxa 
richness, EPT density and taxa richness, and taxa richness of all FFGs except collector-
gatherers.  Abundance of several ecologically-sensitive mayfly and caddisfly taxa were also 
negatively related to urban cover.  In fact, of all invertebrate metrics, only flatworms were 
positively related to urban cover.  In addition, with few exceptions, invertebrate metrics were 
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either negatively related or unrelated to perennial vegetated land cover.  Terrestrial 
vegetation can benefit aquatic invertebrates in headwater streams by providing food and 
habitat in the form of allochthonous organic matter inputs (e.g., leaf litter), and by trapping 
and absorbing pollutants in surface water runoff (Hetrick et al., 1998; Muenz et al., 2006).  
However, adverse effects of urbanization in the upland landscape appeared to overwhelm 
positive effects of riparian vegetation on invertebrates in our study.  Walsh and others (2007) 
found a similar result in their study, and concluded that direct connection between upland 
impervious surfaces and streams through artificial drainage systems had a stronger effect on 
stream biota than could be mitigated by an intact riparian forest. 
Most in-stream environmental metrics that were strongly related to urban cover in this 
study were unlikely to be causes of adverse urban impacts on invertebrate assemblages.  
Dissolved oxygen was positively related to three invertebrate metrics, including EPT density 
and taxa richness.  Because EPT taxa generally require abundant oxygen, these relationships 
were consistent with expectations (Hershey & Lamberti, 2001).  Since dissolved oxygen and 
these EPT metrics were all negatively related to urban cover, it is possible that urbanization 
adversely affected invertebrate assemblages by generating pollutants that reduced dissolved 
oxygen.  However, positive relationships between turbidity and invertebrate metrics were 
counterintuitive, unsupported by results from previous studies (Henley et al., 2000), and were 
probably statistical artifacts of other urban impacts on invertebrates.  Findings from previous 
studies in which land cover explained more variation in invertebrate metrics than in-stream 
features (e.g., Lenat & Crawford, 1994; Wang & Kanehl, 2003) suggest that mechanisms of 
land cover impacts on biological assemblages are difficult to identify.   
Land cover effects on biological assemblages can operate through a multitude of 
associated environmental features.  Heavy metals, hydrocarbons, and chlorides are just a few 
examples of toxic materials that can be particularly abundant in urban streams, and that 
might have operated independently or synergistically to reduce invertebrate abundance and 
diversity (Beasley & Kneale, 2002; Megan et al., 2007).  To gain further insight into possible 
causes of land cover impacts on stream condition, we measured specific conductivity on 
three dates at 21 of our sample sites in the summer of 2008.  Using average conductivity 
values from each site, we found that conductivity (range of mean values across sites = 526-
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814 µS cm-1) was significantly and positively related to urban land cover (R2 = 0.68; p < 
0.001).  While exact causes of urban impacts on invertebrates in our study remain 
unidentified, these findings were consistent with expectations; high conductivity is common 
in urban streams and suggests possible contamination due to waste treatment and runoff from 
impervious surfaces that contribute sulfate, sodium, chloride, and other ions to streams 
(Megan et al., 2007). 
Of in-stream environmental metrics quantified in this study, those most strongly related to 
invertebrate metrics were unrelated to urban or agricultural land cover.  In both urban and 
agricultural areas, study sites supporting highest invertebrate abundance and diversity in our 
study were characterized by high coarse substrate or CPOM/plant abundance, while densities 
of many individual taxa were also highest in sites with shallow depths and high flow 
velocity.  A greater number of invertebrate metrics were related to CPOM/plant and coarse 
substrate abundance than other environmental features, and these relationships were 
consistently positive.  Since allochthonous CPOM and autochthonous production (i.e., live 
plants and algae) form the foundation of stream food webs (Cummins & Klug, 1979), it is not 
surprising that invertebrate abundance and biomass were positively related to CPOM/plant 
abundance in our study.  Additionally, several richness and diversity metrics were 
undoubtedly positively affected by abundant and structurally complex habitat available at 
sites with high CPOM/plant or coarse substrate abundance (Hershey & Lamberti, 2001; 
Gonzalez & Graca, 2005; Hrodey et al., 2009).  Typical of streams, coarse substrate 
abundance in our study was closely associated with relatively shallow depths and high flow 
velocity (i.e., riffle habitat) where fine sediments did not accumulate.   
Relative impacts of urban and agricultural land cover on stream ecological condition 
Most previous investigators that related land cover to in-stream metrics concluded that 
adverse effects of urban land use on headwater stream condition were greater than 
agricultural impacts (e.g., Lenat & Crawford, 1994; Snyder et al., 2003; Moore & Palmer, 
2005; Utz, Hildebrand & Boward, 2009).  Most studies of this kind were conducted in the 
eastern USA, where agriculture typically covered a smaller percentage of land, and urban 
cover was more abundant, than in our study.  However, results of the few similar studies 
conducted in the Midwest indicate that the same holds for regions dominated by intensive 
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agriculture (Wang et al., 2000; Stewart et al., 2001; Wang & Kanehl, 2003), although results 
from at least one study indicated that unbuffered agricultural streams were in more degraded 
condition than urban streams (Moerke & Lamberti, 2006).  Our results support conclusions 
of the majority of these studies.  Stream ecosystem condition appeared to be more adversely 
affected by moderate urbanization than by intensive agriculture. 
It has been suggested that, if agriculture has fewer deleterious effects on stream ecosystem 
health and biodiversity than urbanization, then preservation of agricultural lands might be a 
viable conservation strategy (Moore & Palmer, 2005).  If intensive agricultural practices 
typical of central Iowa are indeed impacting stream ecosystems less severely than moderate 
levels of urban development, then conservation of agricultural lands might be preferable to 
urbanization.  However, our results also indicated that all study streams were degraded, and 
we do not conclude that agriculture has no negative impact on streams.   It has been 
suggested that regions with long histories of extensive agriculture may have lost source 
populations of sensitive aquatic taxa long ago, and so present-day negative impacts of 
agricultural practices are masked (Utz et al., 2009).  This describes a likely scenario for 
central Iowa, and our results highlight the need for efforts to protect and restore streams in 
both urban and agricultural landscapes.   
In-stream environmental metrics quantified in our study did not account for all 
mechanisms by which landscape disturbance negatively impacted invertebrate assemblages 
in central Iowa headwater streams.  Similar to our study, previous investigators working in 
other geographic regions found few physicochemical differences between agricultural and 
urban streams, but strong relationships between land cover and biotic metrics, including 
negative relationships between urban cover and invertebrate taxa richness (Lenat & 
Crawford, 1994; Smith & Lamp, 2008).  Such findings underscore the value of biotic 
assemblage metrics as integrators of all ecosystem features affecting stream condition.  
However, these results also reveal a lack of understanding of mechanisms for land use effects 
on stream biota and overall condition. 
Spatial scale of land cover measurement 
Strength of relationships between in-stream environmental metrics and land cover varied 
as a function of land cover measurement scale in our study.  However, the land cover scale at 
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which the strongest relationship occurred varied across environmental metrics.  In contrast, 
invertebrate metrics were generally most strongly related to land cover measured at subbasin 
and local scales.  Previous research suggests that artificial drainage systems increase 
connectivity between the entire watershed and the stream (Walsh, 2004).  In this way, 
pollutants and elevated flows are not intercepted and filtered by terrestrial ecosystem 
components (e.g., vegetation), and they easily reach the stream (Potter, Cubbage & Schaberg, 
2005).  Our results support these findings.  However, in our study, local scale landscape 
disturbance (i.e., urban cover immediately adjacent to stream sites) was also strongly related 
to invertebrate metrics, suggesting that stream condition was affected by local disturbances, 
such as structural damage to stream channels due to development in the riparian zone. 
Implications 
Although this study was restricted to five streams, and conclusions are based on an 
observational study, our results suggest that moderate urban development can have stronger 
negative impacts on headwater stream condition than intensive agriculture.  Physical, 
chemical, and biological metrics revealed stream degradation across the entire study area, 
however, and watersheds in both landscapes need to be better managed to reduce land use 
impacts.  Preserving and restoring conditions in central Iowa streams will be difficult, as 
effects of both urban and agricultural land use will likely get worse. 
There are several potential mechanisms of adverse urban impacts on biological 
assemblages in streams, with few actual causes identified (Paul & Meyer, 2001).  
Consequently, this has left missing links in researchers’ attempts to connect landscape 
disturbance to ecological degradation of streams.  Rather than mitigating urbanization 
impacts by addressing many potential environmental stressors individually, results from 
recent research support a focus on reducing hydrologic alteration associated with urban 
development by disconnecting impervious surfaces from stream channels and reducing 
surface water runoff (Walsh, Fletcher & Ladson, 2005).  Using this strategy, practices that 
reduce stormwater flows and surface water runoff, and promote declines in physical 
disturbance and inputs and resuspension of pollutants should improve stream condition 
(Beasley & Kneale, 2002; Walsh et al., 2005; Poff, Bledsoe & Cuhaciyan, 2006).  While 
widespread implementation of practices to reduce runoff volumes and pollutant inputs 
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currently faces socioeconomic and political barriers, there are examples of success (Roy et 
al., 2008), suggesting that it is possible to manage the complex array of stressors present in 
human-dominated landscapes.  Our research emphasizes the need for such watershed-wide 
approaches to detecting and reducing stressors associated with urbanization, even in mid-size 
urban centers with reasonably low human population densities.  
While our results did not reveal specific mechanisms by which human land uses adversely 
affect stream ecosystems, they did emphasize the importance of stream features, particularly 
availability of CPOM/plants and coarse substrate, in maintaining biotic assemblages.  
Regardless of landscape characteristics, abundance and diversity of invertebrates in our 
streams were positively related to abundance of CPOM/plants and coarse substrate.  These 
results, in combination with knowledge of underlying causal mechanisms, suggest that even 
in highly-disturbed watersheds, restoration of these stream features could enhance biological 
productivity and diversity, although the degree of improvement possible is likely limited by 
watershed-wide characteristics (Moerke et al., 2004; Blakely & Harding, 2005).  In stream 
ecosystems, aquatic invertebrates play critical roles in nutrient and energy flow by processing 
organic matter, consuming primary producers, and serving as prey for aquatic vertebrates 
(Wallace & Webster, 1996).  Efforts to preserve and restore invertebrate assemblages are 
therefore likely to benefit streams by enhancing biological productivity, nutrient processing, 
and other functional characteristics.   
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Table 1.  Classes contained within each land cover category for each spatial scale of measurement.  Gravel 
surfaces were classified as agricultural because they are typically associated with farms and agriculture in our 
study area 
Category Classes of digitized land cover  
(local., 1k, and network scales) 
Classes of Iowa DNR land cover  
(subbasin scale) 
Urban Buildings Roads 
 Paved roads, driveways Commercial 
 Sidewalks, other pavement Residential 
 Mown lawns  
Agricultural Cropland Corn, soybean, other row crop 
 Pasture land Grazed land 
 Hay fields Alfalfa, other hay grasses 
 Gravel surfaces Barren 
 Sewage lagoons  
Perennial Non-cultivated grassland Ungrazed grassland 
vegetation Shrub, brush, tree cover Forest (all types) 
 Open water, wetland Open water, wetland 
 
 
 
 
 
 
 
 Table 2.  Mean values (with minimum-maximum in parentheses) for land cover metrics across sites along each stream and across all 31 sites measured at 
four landscape scales.  For land cover metrics: % ag = % agricultural land, % PV = % perennially-vegetated land, % ISC= % impervious surface cover, RD 
= road density (m km-2).  For spatial scales: Local = riparian zone within 100 m of the stream, extending 100 m upstream from sample site, 1k = riparian 
zone within 200 m of the stream, extending 1 km upstream, NW = riparian zone within 200 m of the stream, for the entire upstream length, Basin = entire 
watershed area upstream of each sample site  
Metric Scale College Clear Bear Long Dick Keigley Total (31 sites) 
% urban Local 72.8 (46.0 – 100) 23.2 (0.2 – 42.8) 1.7 (0 – 10.1) 5.4 (0 – 24.2) 1.4 (0 – 4.2) 19.5 (0 – 100.0) 
 1k 60.2 (31.1 – 81.5) 31.0 (22.5 – 34.7) 4.6 (0 – 18.9) 2.0 (0 – 6.3) 2.4 (0 – 5.0) 18.8 (0 – 81.5) 
 NW 33.2 (17.4 – 46.1) 11.3 (5.7 – 14.6) 2.3 (0 – 5.6) 2.3 (1.8 – 2.7) 1.7 (1.1 – 2.1) 9.6 (0 – 46.1) 
 Basin 24.0 (12.1 – 35.1) 11.3 (7.5 – 14.1) 1.5 (0.5 – 2.9) 1.8 (1.5 – 2.2) 1.6 (1.4 – 1.7) 7.5 (0.5 – 35.1) 
% ag Local 0 0 48.2 (23.3 – 82.3) 49.9 (13.1 – 88.8) 61.8 (19.3 – 92.6) 33.5 (0 – 92.6) 
 1k 9.3 (0 – 29.4) 7.7 (0 – 38.2) 58.6 (26.7 – 76.1) 67.6 (45.4 – 94.9) 67.9 (40.1 – 91.8) 43.8 (0 – 94.9) 
 NW 41.6 (23.7 – 64.3) 63.2 (54.2 – 79.4) 69.5 (63.5 – 77.3) 82.9 (77.6 – 88.9) 75.8 (72.0 – 80.3) 66.3 (23.7 – 88.9) 
 Basin 58.1 (46.3 – 71.2) 70.0 (65.5 – 76.8) 88.6 (85.1 – 91.4) 89.5 (88.1 – 91.7) 87.9 (86.4 – 89.4) 79.7 (46.3 – 91.7) 
% PV Local 27.2 (0 – 54.0) 76.8 (57.2 – 99.8) 50.1 (16.4 – 72.1) 44.7 (11.2 – 69.3) 36.8 (7.4 – 80.7) 47.0 (0 – 99.8) 
 1k 30.5 (18.5 – 39.5) 61.3 (28.8 – 77.1) 36.8 (20.6 – 67.6) 30.4 (5.1 – 54.6) 29.7 (6.9 – 59.9) 37.4 (5.1 – 77.1) 
 NW 25.2 (18.3 – 31.9) 25.4 (14.8 – 31.2) 28.2 (22.7 – 31.7) 14.8 (8.8 – 19.9) 22.5 (18.5 – 26.1) 24.1 (8.8 – 31.9) 
 Basin 17.9 (16.8 – 18.9) 18.7 (15.7 – 20.4) 9.9 (7.4 – 12.0) 8.7 (6.1 – 10.2) 10.6 (9.1 – 11.9) 12.8 (6.1 – 20.4) 
% ISC Local 23.7 (3.4 – 52.3) 11.7 (0.2 – 17.0) 0.1 (0 – 1.2) 0.6 (0 – 2.8) 0.3 (0 – 1.4) 6.7 (0 – 52.3) 
 1k 35.0 (15.8 – 56.5) 16.0 (11.1 – 20.8) 0.6 (0 – 2.8) 0.5 (0 – 1.4) 1.0 (0 – 2.9) 9.8 (0 – 56.5) 
 NW 19.3 (11.9 – 25.9) 5.2 (2.4 – 7.1) 0.4 (0 – 1.3) 0.5 (0.4 – 0.7) 0.4 (0.4 – 0.5) 4.9 (0 – 25.9) 
 Basin 21.6 (11.3 – 31.1) 9.6 (7.0 – 11.6) 1.4 (0.5 – 2.5) 1.7 (1.5 – 2.2) 1.4 (1.3 – 1.6) 6.7 (0.5 – 31.1) 
RD Local 15.0 (0 – 27.8) 7.7 (0 – 18.3) 5.9 (0 – 21.4) 1.3 (0 – 6.7) 3.5 (0 – 9.8) 6.8 (0 – 27.8) 
 1k 17.3 (10.1 – 28.0) 9.7 (5.7 – 13.1) 2.6 (0 – 4.1) 1.3 (0 – 2.6) 3.7 (0 – 7.9) 6.6 (0 – 28.0) 
 NW 10.6 (7.7 – 12.7) 4.8 (3.6 – 5.7) 2.6 (1.5 – 3.4) 2.7 (2.3 – 3.9) 2.9 (2.7 – 3.1) 4.6 (1.5 – 12.7) 
 Basin 8.5 (5.4 – 11.2) 5.4 (4.1 – 6.3) 2.6 (2.5 – 3.0) 2.3 (1.8 – 2.5) 2.5 (2.5 – 2.5) 4.1 (1.8 – 11.2) 
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 Table 3.  Mean values (with minimum-maximum in parentheses) for in-stream environmental metrics for each stream and across all 31 sample sites.  TP = 
phosphorus, TSS = total suspended solids, DO = dissolved oxygen, Q = discharge, % coarse = percent of sample plot covered by coarse inorganic matter, 
WD = woody debris abundance, CPOM/plant = CPOM and live plant abundance.  *Variable excluded from statistical analyses 
Metric College Clear Bear Long Dick Keigley Total (31 sites) 
NO3-N (ppm) 7.4 (5.6 – 10.4) 13.5 (12.1 – 14.5) 13.3 (11.1 – 15.9) 20.9 (15.5 – 29.0) 14.1 (13.5 – 14.7) 13.5 (5.6 – 29.0) 
TP (ppm) 0.08 (0.05 – 0.10) 0.05 (0.04 – 0.06) 0.09 (0.05 – 0.14) 0.12 (0.10 – 0.14) 0.07 (0.04 – 0.09) 0.08 (0.04 – 0.14) 
TSS* (g/L) 0.32 (0.25 – 0.43) 0.21 (0.17 – 0.27) 0.25 (0.16 – 0.47) 0.21 (0.07 – 0.30) 0.19 (0.07 – 0.38) 0.24 (0.07 – 0.47) 
Turbidity (NTU) 8.0 (2.7 – 13.8) 8.4 (6.1 – 13.0) 21.6 (4.2 – 33.4) 19.1 (4.0 – 35.4) 18.7 (6.4 – 25.6) 16.0 (2.7 – 35.4) 
pH  8.2 (7.9 – 8.5) 8.4 (8.4 – 8.5) 8.2 (7.7 – 8.5) 8.2 (7.8 – 8.3) 8.3 (8.3 – 8.5) 8.3 (7.7 – 8.5) 
Temperature (C) 19.4 (18.3 – 20.9) 19.3 (18.5 – 20.2) 19.4 (17.2 – 20.7) 22.0 (18.8 – 23.6) 20.8 (19.6 – 21.7) 20.0 (17.2 – 23.6) 
DO (ppm) 6.1 (4.4 – 7.8) 5.5 (2.4 – 8.5) 7.3 (3.9 – 9.2) 9.6 (6.9 – 15.3) 7.8 (5.7 – 9.7) 7.2 (2.4 – 15.3) 
Q* (cfs) 0.88 (0.15 – 2.71) 3.99 (3.14 – 4.97) 11.11 (0.66 – 24.70) 14.79 (2.27 – 37.36) 13.09 (7.45 – 17.78) 8.90 (0.15 – 37.36) 
Channel width (m) 3.9 (2.1 – 6.3) 3.3 (1.8 – 6.8) 3.3 (1.0 – 6.4) 4.3 (2.3 – 5.1) 5.1 (2.3 – 8.2) 3.9 (1.0 – 8.2) 
Depth (m) 0.22 (0.05 – 0.40) 0.08 (0.05 – 0.12) 0.20 (0.08 – 0.30) 0.23 (0.12 – 0.29) 0.17 (0.08 – 0.31) 0.18 (0.05 – 0.40) 
Flow velocity (m/s) 0.09 (0 – 0.43) 0.11 (0 – 0.15) 0.15 (0 – 0.28) 0.06 (0 – 0.13) 0.19 (0.08 – 0.26) 0.12 (0 – 0.43) 
% canopy 62 (0 – 83) 70 (6 – 88) 19 (0 – 77) 8 (0 – 35) 23 (0 – 74) 34 (0 – 88) 
% coarse 23 (0 – 70) 51 (0 – 78) 20 (0 – 48) 15 (0 – 52) 36 (0 – 73) 28 (0 – 78) 
Substrate complexity* 1.05 (1.00 – 1.13) 1.06 (1.01 – 1.19) 1.03 (1.00 – 1.07) 1.04 (1.00 – 1.12) 1.05 (1.00 – 1.10) 1.04 (1.00 – 1.19) 
WD (g m-2) 44.2 (0 – 103.2) 30.4 (0 – 127.7) 18.9 (0 – 49.7) 3.7 (0 – 9.6) 9.8 (0 – 49.1) 21.7 (0 – 127.7) 
CPOM/plant (g m-2) 121.7 (7.8 – 323.4) 7.0 (0.5 – 23.5) 34.3 (2.9 – 89.2) 177.4 (3.9 – 449.8) 18.2 (3.5 – 43.7) 67.3 (0.5 – 449.8) 
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Table 4.  Correlation coefficients representing relationships between in-stream environmental metrics and measures of land cover at four landscape scales 
(31 sites).  Local = riparian zone within 100 m of the stream, extending 100 m upstream from sample site, 1k = riparian zone within 200 m of the stream, 
extending 1 km upstream, NW = riparian zone within 200 m of the stream, for the entire upstream length, Basin = entire watershed area upstream of each 
sample site.  Bold text denotes a statistically-significant relationship. * = p<0.01; ** = p<0.001 
 % urban  % agriculture  % perennial vegetation 
In-stream metric Local 1k NW Basin  Local 1k NW Basin  Local 1k NW Basin 
NO3-N -0.71** -0.78** -0.81** -0.77**  0.63** 0.67** 0.91** 0.79**  0.13 -0.13 -0.61** -0.69***
Phosphorus -0.10 -0.21 -0.07 -0.12  0.21 0.26 0.12 0.18  -0.09 -0.21 -0.20 -0.33 
Turbidity -0.33 -0.43 -0.39 -0.39  0.23 0.25 0.15 0.34  0.18 0.15 0.31 -0.27 
pH 0.12 0.26 0.21 0.32  -0.36 -0.47* -0.35 -0.38  0.36 0.40 0.43 0.46* 
Temperature -0.17 -0.23 -0.19 -0.18  0.15 0.17 0.23 0.17  0.08 0.01 -0.22 -0.18 
Dissolved oxygen -0.29 -0.42 -0.38 -0.40  0.54* 0.52* 0.41 0.45  -0.30 -0.41 -0.38 -0.58** 
Width -0.04 -0.13 0.01 0.02  -0.05 -0.01 -0.01 -0.05  0.13 0.18 0.00 0.09 
Depth 0.13 -0.11 -0.08 -0.12  0.26 0.31 0.16 0.17  -0.51* -0.36 -0.32 -0.32 
Flow velocity -0.14 -0.07 -0.10 -0.08  0.14 0.06 -0.12 0.05  0.02 -0.09 0.36 -0.08 
% coarse substrate 0.04 0.13 0.12 0.12  -0.29 -0.22 -0.13 -0.17  0.36 0.29 0.20 0.30 
% canopy cover 0.38 0.46* 0.42 0.46*  -0.72** -0.54* -0.34 -0.50*  0.48* 0.40 0.15 0.62** 
Woody debris 0.11 0.30 0.23 0.25  -0.27 -0.22 -0.28 -0.24  0.21 -0.02 0.17 0.18 
CPOM/plant 0.13 0.02 0.07 0.02  0.12 0.25 0.13 0.07  -0.36 -0.46* -0.48* -0.23 
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Table 5.  Invertebrate taxa recorded from sample sites, with mean and range of densities across sample sites for 
each taxon.  Functional feeding group (FFG) designations are: p = predator, c-g = collector-gatherer, scr = 
scraper, shr = shredder, c-f = collector-filterer.  1Rare taxon excluded from NMDS, 2FFG information for this 
taxon excluded from statistical analyses 
Taxon Common name 
No. m-2  
(overall mean with 
range in parentheses)
No. sites where 
recorded 
(maximum=31) 
FFG(s) 
Platyhelminthes     
     Turbellaria Flatworm 297 (0 – 8686) 8 p 
Nematoda Roundworm 102 (0 – 822) 19 c-f, c-g, scr, p 
Mollusca     
     Gastropoda     
          Physidae Physid snail 222 (0 – 2774) 10 scr 
          Planorbidae Ramshorn snail 16 (0 – 362) 3 scr 
     Bivalvia     
          Sphaeriidae Fingernail clam 120 (0 – 1575) 24 c-f 
Annelida     
     Oligochaeta Aquatic earthworm 1437 (60 – 9354) 31 c-g 
     Euhirudinea Leech 9 (0 – 205) 6 p 
Arachnidae     
     Acariformes Water mite 19 (0 – 452) 3 p 
Insecta     
     Ephemeroptera     
          Ameletidae Ameletid mayfly 30 (0 – 768) 5 c-g, scr 
          Baetidae Small minnow mayfly 54 (0 – 370) 16 c-g, scr 
          Caenidae Small squaregill mayfly 60 (0 – 502) 12 c-f, c-g, scr 
          Ephemeridae Common burrower mayfly 17 (0 – 194) 6 c-f, c-g, p 
          Heptageniidae Flatheaded mayfly 37 (0 – 413) 12 c-g, scr, p 
          Isonychiidae Brushlegged mayfly 2 (0 – 29) 3 c-f, p 
          Leptohyphidae Little stout crawler mayfly 65 (0 – 789) 6 c-g, shr 
          Leptophlebiidae1 Prong-gilled mayfly < 1 (0 – 25) 1 c-g, scr, shr 
          Siphlonuridae1 Primitive minnow mayfly 2 (0 – 50) 1 c-g, scr, p 
     Odonata     
          Gomphidae1 Clubtail dragonfly < 1 (0 – 4) 2 p 
          Libellulidae1 Skimmer dragonfly < 1 (0 – 7) 2 p 
          Coenagrionidae1 Narrow-winged damselfly 5 (0 – 151) 2 p 
     Plecoptera     
          Perlidae1 Common stonefly < 1 (0 – 14) 1 p 
     Trichoptera     
          Helicopsychidae Snailcase maker caddisfly 8 (0 – 100) 5 scr 
          Hydropsychidae Common netspinner caddisfly 57 (0 – 617) 13 c-f, p 
          Hydroptilidae Microcaddisfly 39 (0 – 402) 9 c-g, scr, shr 
          Leptoceridae Long-horned caddisfly 7 (0 – 205) 3 c-g, p, shr 
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Table 5.  Continued 
Taxon Common name 
No. m-2  
(overall mean with 
range in parentheses)
No. sites where 
recorded 
(maximum=31) 
FFG(s) 
          Limnephilidae1 Northern casemaker caddisfly < 1 (0 – 7) 1 c-g, scr, shr 
     Hemiptera     
          Corixidae1 Water boatman < 1 (0 – 17) 1 c-g, p 
     Coleoptera     
          Dytiscidae Predaceous diving beetle 12 (0 – 111) 5 p 
          Elmidae Riffle beetle 143 (0 – 1787) 19 c-g, scr, shr 
          Haliplidae1 Crawling water beetle 5 (0 – 100) 2 scr, p, shr 
          Hydrophilidae1 Water scavenger beetle 2 (0 – 75) 1 p 
          Psephenidae1 Water penny < 1 (0 – 4) 1 scr 
     Megaloptera     
          Corydalidae1 Dobsonfly < 1 (0 – 4) 1 p 
          Sialidae1 Alderfly < 1 (0 – 25) 1 p 
     Diptera     
          Ceratopogeniidae Biting midge 28 (0 – 283) 12 c-g, p 
          Chironomidae2 Non-biting midge 2742 (50 – 11474) 31 c-f, c-g, scr, p, shr 
          Empididae Dance fly 37 (0 – 502) 15 c-g, p 
          Simuliidae Black fly 61 (0 – 1356) 7 c-f 
          Tipulidae Crane fly 7 (0 – 57) 10 c-g, shr, p 
Crustacea     
          Amphipoda Scud 5 (0 – 61) 4 shr, p 
          Decapoda Crayfish 1 (0 – 14) 5 c-f, c-g, p, shr 
          Isopoda-Asellidae Sow bug 23 (0 – 484) 3 c-g, p, shr 
  
Table 6.  Mean (with minimum-maximum in parentheses) invertebrate metric values for all sites on each stream and across all 31 sample sites.  Density = 
number of individuals m-2, biomass = g AFDW m-2, richness = number of taxa 
Metric College Clear Bear Long Dick Keigley Total (31 sites) 
Total density  6990 (1652 – 19138) 1857 (919 – 3956) 4568 (926 – 12759) 8119 (3787 – 17057) 7678 (2332 – 20932) 5674 (919 – 20932) 
Total biomass 0.62 (0.09 – 2.37) 0.06 (0.03 – 0.11) 0.37 (0.05 – 1.61) 0.94 (0.27 – 2.01) 0.70 (0.11 – 2.15) 0.51 (0.03 – 2.37)
Total taxa richness 8.3 (6 – 12) 6.8 (4 – 9) 11.1 (7 – 18) 11.4 (4 – 15) 14.0 (7 – 22) 10.4 (4 – 22) 
Shannon diversity 1.2 (0.7 – 1.6) 0.8 (0.5 – 1.2) 1.2 (0.9 – 1.5) 1.2 (0.5 – 1.6) 1.5 (0.6 – 2.2) 1.2 (0.5 – 2.2) 
Shannon evenness 0.55 (0.31 – 0.82) 0.42 (0.27 – 0.61) 0.51 (0.40 – 0.77) 0.49 (0.33 – 0.61) 0.55 (0.33 – 0.78) 0.51 (0.27 – 0.82)
EPT density 38 (0 – 100) 41 (0 – 118) 342 (60 – 951) 514 (54 – 1489) 1065 (90 – 2852) 379 (0 – 2852) 
EPT richness 0.8 (0 – 2) 1.6 (0 – 4) 3.4 (2 – 8) 3.8 (1 – 9) 5.6 (2 – 9) 3.0 (0 – 9) 
% EPT 1.0 (0 – 4.4) 2.9 (0 – 7.8) 8.0 (1.9 – 14.7) 10.5 (0.3 – 33.6) 20.7 (3.3 – 46.8) 8.3 (0 – 46.8) 
FFG richness 4.7 (4 – 5) 4.4 (3 – 5) 5.0 (5 – 5) 4.6 (3 – 5) 5.0 (5 – 5) 4.8 (3 – 5) 
Filterer richness 2.0 (1 – 3) 1.4 (0 – 2) 3.4 (2 – 6) 3.4 (1 – 6) 3.8 (2 – 6) 2.9 (0 – 6) 
Gatherer richness 3.2 (2 – 5) 4.2 (2 – 6) 7.4 (4 – 11) 6.6 (2 – 10) 8.0 (5 – 11) 6.0 (2 – 11) 
Scraper richness 2.5 (1 – 4) 1.8 (1 – 4) 4.2 (2 – 6) 4.6 (0 – 7) 5.4 (3 – 7) 3.7 (0 – 7) 
Shredder richness 1.2 (0 – 2) 1.0 (0 – 2) 2.4 (1 – 5) 2.2 (0 – 4) 3.2 (1 – 5) 2.0 (0 – 5) 
Predator richness 3.7 (2 – 5) 3.2 (1 – 5) 4.6 (1 – 8) 5.0 (1 – 7) 6.4 (2 – 13) 4.5 (1 – 13) 
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Table 7.  Regression models (best of all possible subsets) describing relationships between invertebrate metrics 
and in-stream environmental metrics.  CPOM/plant = CPOM and plant abundance, WD = woody debris 
abundance, velocity = flow velocity, % coarse = percent of substrate composed of coarse inorganic material, 
DO = dissolved oxygen.  *Metric significantly related to land cover in subsequent regression analysis (see 
Table 8) 
Dependent variable Model Adj. R2 Partial R     p Independent variables 
Total density 0.58 0.72 <0.001 CPOM/plant 
  -0.61 0.001 WD 
  0.39 0.039 Velocity 
  0.39 0.041 Channel width 
Total biomass 0.58 0.74 <0.001 CPOM/plant 
  -0.57 0.001 WD 
Total taxa richness* 0.39 0.54 0.002 CPOM/plant 
  0.52 0.004 % coarse 
  -0.38 0.040 % canopy 
Shannon diversity 0.49 0.68 <0.001 CPOM/plant 
  0.50 0.006 % coarse 
  0.44 0.016 Turbidity 
Shannon evenness 0.36 0.55 0.002 CPOM/plant 
  0.41 0.027 % canopy 
  0.44 0.034 Turbidity 
EPT density* 0.44 0.57 0.001 Turbidity 
  0.48 0.008 DO 
  -0.47 0.011 Depth 
EPT richness* 0.43 0.53 0.003 Turbidity 
  0.47 0.010 % coarse 
  0.45 0.014 DO 
Filterer richness* 0.52 -0.60 0.011 % canopy 
  0.57 0.009 % coarse 
  0.53 0.002 WD 
  0.49 0.001 Channel width 
  -0.48 0.005 pH 
Gatherer richness* 0.45 0.49 0.009 CPOM/plant 
  0.45 0.018 Turbidity 
  -0.45 0.019 % canopy 
  -0.42 0.030 Depth 
  0.41 0.034 % coarse 
Scraper richness* 0.39 0.59 0.001 CPOM/plant 
  0.46 0.012 Turbidity 
  0.42 0.023 % coarse 
Predator richness 0.37 0.48 0.008 % coarse 
  0.42 0.024 CPOM/plant 
  0.40 0.032 DO 
 
 
 
 Table 8.  Invertebrate metrics significantly related to land cover metrics after accounting for in-stream environmental metrics (see Table 7).  Δ Adj. R2 = 
Adj. R2 from model including land cover minus Adj. R2 of model with only in-stream environmental metrics.  β = parameter coefficient for each land cover 
variable.  For land cover metrics, Local = riparian zone within 100 m of the stream, extending 100 m upstream from sample site, 1k = riparian zone within 
200 m of the stream, extending 1 km upstream, NW = riparian zone within 200 m of the stream, for the entire upstream length, Basin = entire watershed area 
upstream of each sample site.  ns = nonsignificant relationship 
a)  % urban land Local  1k  Network  Subbasin 
Dependent 
variable 
Original 
Adj. R2 
Parameter 
p-value β 
Δ Adj. 
R2 
 Parameter 
p-value β 
Δ Adj. 
R2 
 Parameter 
p-value β 
Δ Adj. 
R2 
 Parameter 
p-value β 
Δ Adj. 
R2 
Taxa richness 0.39 0.009 -0.15 0.14  0.024 -0.18 0.10  0.020 -0.30 0.11  0.011 -0.40 0.13 
EPT density 0.44 0.002 -1.08 0.18  0.034 -1.11 0.08  0.035 -1.74 0.08  0.012 -2.46 0.12 
EPT richness 0.43 0.010 -0.28 0.12  ns -0.26 0.03  ns -0.49 0.06  0.043 -0.63 0.07 
Filterer richness 0.43 ns -0.11 0.04  ns -0.17 0.05  0.008 -0.26 0.05  0.008 -0.33 0.05 
Gatherer richness 0.34 0.001 -0.25 0.22  0.019 -0.25 0.12  0.008 -0.43 0.15  0.008 -0.54 0.15 
Scraper richness 0.32 0.035 -0.18 0.09  0.035 -0.24 0.09  0.009 -0.47 0.14  0.007 -0.59 0.15 
Shredder richness - 0.015 -0.23 -  0.020 -0.29 -  0.018 -0.50 -  0.010 -0.64 - 
b)  % agricultural land Local  1k  Network  Subbasin 
Dependent 
variable 
Original 
Adj. R2 
Parameter 
p-value β 
Δ Adj. 
R2 
 Parameter 
p-value β 
Δ Adj. 
R2 
 Parameter 
p-value β 
Δ Adj. 
R2 
 Parameter 
p-value β 
Δ Adj. 
R2 
Taxa richness 0.39 0.009 0.20 0.14  0.031 0.15 0.09  ns 0.20 0.02  0.010 0.43 0.14 
EPT density 0.44 0.006 1.02 0.14  0.007 1.06 0.14  ns 1.45 0.04  0.007 2.72 0.14 
EPT richness 0.43 ns 0.20 0.04  ns 0.19 0.03  ns 0.37 0.02  0.037 0.67 0.08 
Gatherer richness 0.34 0.003 0.28 0.19  0.020 0.21 0.11  ns 0.31 0.06  0.006 0.58 0.16 
Scraper richness 0.32 0.006 0.22 0.15  0.004 0.26 0.17  0.041 0.41 0.08  0.007 0.61 0.15 
Shredder richness - 0.015 0.22 -  0.007 0.26 -  0.047 0.48 -  0.007 0.68 - 
c)  % perennial vegetation Local  1k  Network  Subbasin 
Dependent 
variable 
Original 
Adj. R2 
Parameter 
p-value β 
Δ Adj. 
R2 
 Parameter 
p-value β 
Δ Adj. 
R2 
 Parameter 
p-value β 
Δ Adj. 
R2 
 Parameter 
p-value β 
Δ Adj. 
R2 
Taxa richness 0.39 ns 0.12 0.02  ns 0.01 -0.03  ns 0.20 -0.02  0.004 -1.38 0.17 
EPT density 0.44 ns 0.31 -0.01  ns -0.95 0.02  ns -0.16 -0.01  0.001 -9.14 0.22 
EPT richness 0.43 ns 0.19 0.01  ns -0.06 -0.02  ns -0.10 -0.03  0.028 -1.88 0.09 
Filterer richness 0.43 ns 0.11 0.00  ns 0.14 -0.01  ns 0.49 0.01  0.018 -1.36 0.10 
Gatherer richness 0.34 ns 0.16 0.02  ns -0.08 -0.02  ns -0.08 -0.03  0.001 -1.94 0.22 
Scraper richness 0.32 ns -0.04 -0.02  ns -0.25 0.02  ns -0.27 -0.02  0.012 -1.51 0.13 
Shredder richness - ns 0.02 -  ns -0.23 -  ns -0.36 -  0.004 -1.80 - 
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Fig. 1.  Location of study area (left), study streams, sample sites, and city boundaries (right) 
 
Fig. 2.  Illustration of four spatial scales at which land cover was measured.  ● = sample site location.  Local = 
riparian zone within 100 m of the stream, extending 100 m upstream from sample site, 1k = riparian zone within 
200 m of the stream, extending 1 km upstream, NW = riparian zone within 200 m of the stream, for the entire 
upstream length, Subbasin = entire watershed area upstream of each sample site  
 
Fig. 3.  Nonmetric multidimensional scaling (NMDS) results from ordination of invertebrate taxa densities.  In-
stream environmental metrics and land cover metrics measured at (A) local and (B) subbasin scales are plotted 
as vectors.  Only environmental and land cover metrics that were significantly related to invertebrate densities 
(p < 0.05) are plotted.  Vector length and direction reflects strength and nature (e.g., positive or negative) of 
relationship between a land cover or environmental metric and invertebrate densities.  CPOM/plant = CPOM 
and plant abundance, LocalUrban = local % urban land, LocalAg = local % agricultural land, LocalPV = local 
% perennial vegetation, BasinUrban = subbasin % urban land, BasinAg = subbasin % agricultural land, and 
BasinPV = subbasin % perennially vegetated land  
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CHAPTER 3.  LEARNING ABOUT ECOSYSTEMS AND 
RESTORATION: A CASE STUDY INTEGRATING PUBLIC 
PARTICIPATION, STORMWATER MANAGEMENT, AND 
ECOLOGICAL RESEARCH 
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Cassie J. Herringshaw, Janette R. Thompson, and Timothy W. Stewart 
 
Department of Natural Resource Ecology and Management 
Iowa State University 
 
Abstract 
Restoration of ecosystem functions in urban environments is made challenging by a public 
that often lacks understanding of ecological principles, inadequate evidence of the 
effectiveness of restoration practices, and difficulty in fully integrating human and non-
human factors into studies of urban ecosystems.  This paper presents a case study in which 
these challenges were addressed.  We facilitated mutual learning through public participation 
in the design and implementation of an urban riparian buffer along a headwater stream in a 
neighborhood park, a process that was informed by ecological research.  Learning outcomes 
were evaluated using surveys and qualitative assessment of discussion.  Participants’ 
knowledge about water quality problems associated with urbanization, stormwater, and 
nonpoint-source pollution increased, their familiarity with stormwater management practices 
increased, and their perceptions about the importance of stream ecosystem functions 
changed.  In-stream monitoring of sediment delivery, as well as direct measurements of 
buffer infiltration capacity, provided early evidence of buffer effectiveness in prevention of 
sediment contributions to the stream and absorption of runoff from surrounding surfaces.  
This study provides a useful model for integration of mutual learning through participation, 
ecological restoration, and ecological research in an urban setting.  Elements deemed 
essential to success of this model included an opportunity for dialog focused on a specific 
natural feature, sustained interaction between participants and researchers, opportunities for 
hands-on participation by urban residents, and flexibility in restoration practice installation. 
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Introdu
Urba on-
human factors in investigati and Redman 2004; Young 
and Wolf 2006; Casagrande et  the 
powerful and complex human influences which are primary drivers of ecological degradation 
in urban sy , while 
many socioecono 2003).  Thus, 
efforts to fully understand functions  well as efforts to manage those 
ecosystems to restore desired functions will no e as successful as those that effectively 
 human dimension into urban ecological research (Pickett et al. 1997). 
Authors of United States and international policy have also attempted to incorporate the 
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of 
 
n 
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7).   
 
roject, 
ction 
n ecology researchers have called for projects that better integrate human and n
ons of urban ecosystems (e.g., Grimm 
al. 2007).  The need for this integration arises from
stems.  Many urban ecological studies oversimplify these human effects
mic studies oversimplify ecological processes (Alberti et al. 
 of urban ecosystems as
t b
integrate the
man dimension into natural resource policy.  The United Nations (1992) formally stated 
that participation of concerned individuals should be considered a necessary aspect 
sustainable natural resource development.  Along the same lines, the National Pollutant 
Discharge Elimination System (NPDES) program of the Clean Water Act set forth minimum
control measures requiring communities to conduct public education and invite public 
participation in stormwater management efforts (USEPA 2000).  However, although 
compliance with these measures is reportedly high (White & Boswell, 2006), there is little 
evidence that these efforts have resulted in increased knowledge or changed behavior 
regarding stormwater issues.  Recent literature calls for researchers to become involved i
efforts to involve humans in urban ecology and urban ecological restoration through public 
participation, with the goal of scientifically testing outcomes of these efforts to determ
their effectiveness (Casagrande et al. 2007; Janse and Konijnendijk 2007; Selin et al. 200
In this study, we sought to achieve the integration called for by ecologists by investigating
the results of public participation in an urban restoration project that was informed by 
ecological research.  Specific objectives of this study were 1) to facilitate mutual learning 
through public participation in the implementation of an urban ecological restoration p
2) install a functioning ecological restoration practice, and 3) conduct urban ecological 
research to determine effectiveness of the restoration practice and to inform the mutual 
learning process.  We present a simple conceptual model in which learning, restoration, and 
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research inform and improve outcomes of one another (Fig. 1).  This paper reports results of 
a case study in which these three objectives were integrated in order to develop these 
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uate, 
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kages. 
Participation in ecological restoration projects exposes participants to environmental 
issues and fosters learning; thus, public participation and mutual learning can be closel
linked (McDaniel and Alley 2005; Pahl-Wostl et al. 2007; Selin et al. 2007).  Involving the 
public in ecological restoration projects has strong potential to enhance public awareness of
local ecological problems.  It has also been shown that ecological research can inform 
learning processes and enhance public awareness (e.g., Fenemor et al. 2008).  Participation, 
learning, and enhanced awareness may in fact provide additional benefits for restoration 
efforts, such as improving individuals’ attitudes and actions toward the environmen
cDaniel and Alley 2005) and contributing to social acceptance of restoration projects by 
providing opportunities for public input (Daniels and Walker 2001). 
Nationwide, scientific monitoring of ecological restoration projects has been inadeq
leaving scientists, managers, and the public uncertain of the return on billions of dollars o
investment into these projects (Bernhardt et al. 2005).  Lack of adequate monitoring and 
uncertainty regarding effectiveness is of particular concern when considering stormwat
management practices.  Communities regulated under NPDES authority are required t
implement stormwater best management practices to reduce their contribution to stormwate
derived degradation of water resources (USEPA 2000).  However, considerable doubt 
remains as to the efficacy of many of these practices (Pennington et al. 2003).  Specifically,
efforts to monitor effectiveness of preserved or restored riparian vegetation have also 
produced conflicting results, with some studies suggesting positive effects on stream 
condition (Miltner et al. 2004; Muenz et al. 2006) and others finding little or no benefit to 
eams (Roy et al. 2005; Walsh et al. 2007).   Integration of research with ecological 
restoration is clearly needed to understand relationships between ecological restoration
practices (such as riparian buffers), water quality, and stream condition.  
Ecological research could also benefit from integration with public participation and 
restoration.  In addition to researchers’ need for better understanding of the human role i
urban ecosystems, residents have knowledge about local landscapes and their interaction
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with them that can improve researchers’ understanding of urban ecosystems (Pickett et al. 
2004).  Finally, urban restoration projects can serve as experiments, where important 
research questions are answered through assessment of newly-installed practices (Felson and 
Pi
n and 
Study area and project overview 
f 
(Fig. 
 
ent) 
nd 
d at 
 this paper is 
fo er.  
location of the riparian buffer because of its location near the headwaters of College Creek 
ckett 2005).  
The ecological restoration project that served as the focus of this study was an urban 
riparian buffer implemented to protect a stream channel by reducing rate and quantity of 
overland stormwater flow.  However, many elements of integration discussed in this paper 
are applicable to any ecological restoration project that includes both public participatio
research (Fig. 1).  We discuss outcomes of this integration in terms of mutual learning, 
installation of the stormwater management practice, and ecological research.     
Methods 
This study was conducted in Ames, Iowa, a city with a population of 50,700 in the Des 
Moines Lobe ecoregion of central Iowa (Fig. 2a).  College Creek, a first-order tributary o
Squaw Creek, was the focus of this study, while data collected from Clear Creek, a 
neighboring tributary, was also used to inform understanding of local stream conditions 
2b).  Ames is subject to stormwater permitting under the NPDES Phase II program, and to 
the minimum control measures established therein (USEPA 2000).  To help meet these
requirements, city officials, other government (Soil and Water Conservation Districts), and 
non-governmental organizations (Prairie Rivers Resource Conservation and Developm
had been engaged with project personnel on preliminary efforts to examine land use a
stream condition in the College Creek watershed. 
Based on these interactions, we designed a research and demonstration project aime
assessing different stormwater management practices: an infiltration practice, a stream 
channel protection practice, and a filtration practice.  Work reported on in
cused on activities surrounding the largest of the three practices, an urban riparian buff
Preliminary discussions with project partners were used to determine a suitable site for a 
riparian buffer.  Daley Park, a city property in west Ames (Fig. 2c), was selected for the 
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and because of evidence of stream bank erosion due to runoff from the park and surroundin
surfaces.  This park is a 4.9-ha neighborhood park managed by the City of Ames Depa
of Parks and Recreation.  A 267-m reach of College Creek runs through the northern edge of 
the park.  All of
g 
rtment 
 the park and part of the adjacent neighborhood (approximately 6.1 ha) drain 
tow ha of 
), 
me 
The buffer project served as the focus for participatory meetings to which neighborhood 
re invited, and a research project was designed to monitor water quality and 
provide direct measures of buffer effectiveness.  All aspects of this project, including public 
ign and installation, and ecological data collection and 
an
ark.  
 
d 
 give them ample opportunity for 
co
rding 
ted in 
on.  
and 
ard the stream corridor.  The stream and associated riparian zone occupy just over 2 
the site, formerly an unmanaged area containing Phalaris arundinacea (reed canary grass
Morus alba (white mulberry), Acer negundo (boxelder), Typha latifolia (common cattail), 
and fewer representatives of other species including Celtis occidentalis (hackberry), 
Juniperus virginiana (eastern redcedar), Populus deltoides (eastern cottonwood), and so
shrubs. 
residents we
participation activities, buffer des
alysis were conducted by or directly managed by the authors.   
Learning through public participation 
Public participation involved group meetings (eight in 2007, five in 2008) held at or near 
Daley Park and other activities associated with the riparian buffer.  Invitations were mailed 
or hand-delivered to each home (approximately 60 households) located adjacent to the p
Outreach was focused on these homes because of their proximity to the neighborhood park. 
In addition, many of these homes were adjacent to the site of the planned riparian buffer, an
it was necessary and appropriate to notify residents of upcoming and on-going activities 
planned for the landscape near their homes, and to
mment.   
Each invitation included a brief explanation of project activities and information rega
discussion topics and activities planned for an upcoming meeting.  Flyers were also pos
the park to invite other park users to the meetings.  As participants arrived, they were asked 
to sign in to provide a record of their attendance and to facilitate subsequent communicati
Regular attendees also received e-mail communications that included meeting reminders 
updates on activities. 
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Meeting structure, including discussion topics, sequence of events, and timing of 
activities, was determined by the authors prior to each meeting, documented in an outline, 
and followed closely.  Meetings began with introductions of project personnel, a brief 
overview of the project and recent activities, followed by discussion of planned topics and 
question-and-answer discussion sessions.  Hands-on activities, when they occurred, were 
introduced after discussion. 
Topics were chosen to develop mutual understanding about urban water quality issues in
general and local water quality issues specifically.  Hands-on activities included a des
workshop, in which participants were provided with schematic diagrams and explanations of
function
 
ign 
 
al characteristics associated with the components of a three-zone buffer, and invited 
to 
 
s and qualitative 
iscussions with residents.  Participants at the first 
three m
.  Post-participation surveys were mailed to the 20 participants who attended 
multiple m
ong participants, two researchers independently 
develop alternative buffer designs that incorporated their individual preferences.  Small 
groups of participants were given an aerial photo of the park on which to create proposed
layouts for the buffer.  A city representative also attended and facilitated a question-and-
answer session about this and other local stream projects.   
Learning was assessed using pre- and post-participation survey
assessment of comments made during d
eetings were provided a brief questionnaire (14 items) at the first meeting they 
attended.  Questions assessed participants' understanding and values related to watersheds, 
water quality, stream functions, typical urban pollutants, and their preferences for receiving 
information on these topics.  Most questions were closed-ended items with a request for 
participants to "check all that apply", "check only one", choose yes or no, or choose an 
answer along a scale (e.g. ratings of excellent to unacceptable).  The same questionnaire was 
distributed following the project to assess changes in knowledge and perception after 
participation
eetings during both years of the project following the procedure outlined in 
Dillman (2000).  Pearson’s Chi-square tests were used to identify significant differences (p < 
0.05) between pre- and post-participation survey responses (JMP, Version 7, SAS Institute, 
Cary, NC). 
A note-taker attended all neighborhood meetings and recorded all presentation and 
discussion topics.  To analyze discourse am
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 locations on park lawn.  Cores were kept in air-tight containers and processed 
im  for 24 
o 
amined meeting notes to become familiar with all content, consider the meaning of
statements, and organize statements into major themes (e.g., Colaizzi 1978).  All public 
participation project components (public meetings, survey questionnaires) were conduc
according to protocols approved by the Institutional Review Board at Iowa State University
Items on survey questionnaires were also reviewed by personnel in the Center for Survey 
Statistics and Methodology a
sessment of stormwater management practice installation 
To guide activities related to buffer design, installation, and maintenance, the buffer site 
was evaluated by project personnel, and activities were documented by the authors.  Early 
site evaluation was conducted to inform design of the buffer, including overall size to 
maximize runoff capture, as well as the size and arrangement of each buffer zone, and to 
determine necessary quantities of plants, seed, and other materials.  Initial installation work 
was largely done by project staff.  Planting materials included compost, one-year-old tree 
seedlings, two-year-old shrub seedlings, local ecotype prairie s
ter plantings were completed, the site was evaluated regularly by project personnel to 
assess survival and determine maintenance needs.  Maintenance was organized by project 
personnel and conducted by student employees, graduate students, and volunteers from
among the neighborhood meeting participants. 
Ecological assessment 
Direct measurements of buffer capacity to infiltrate water were made by collecting so
extracted using a slide hammer soil corer (5.1-cm diameter; 15.2-cm length).  Volumetric wat
content and soil bulk density were calculated for samples collected on four dates durin
July, and August, 2008, within 24 hours of a minimum 2-cm rain event.  Soil cores were ta
from four park areas: park lawn, planted prairie without compost application, planted pr
compost application, and undisturbed areas closest to the stream (Fig. 2c).  Two cores were 
extracted from each of two locations in the three buffer areas, and two cores were extracted f
each of three
mediately after sample collection.  For each core, soil was weighed and dried at 60°C
hours or until constant weight was obtained.  Soil samples were weighed again after drying t
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determine soil moisture content.  Volumetric water content was calculated as soil mois
divided by soil core volume, and mean soil bulk density was calculated as soil dry weigh
divided by soil core volume.  Infiltration rate in each area was calculated on two dates 
immediately following soil core extraction.  Core holes were filled with water, and depth to th
water’s surface was measured every 30 minutes until either no water remained or after thre
hours had elapsed.  A mean value for each area was de
ture 
t 
e 
e 
termined and used in analysis.  Analysis 
differences (p < 0.05) across the 
dataset for all park areas, and student’s t-test
and summer, and once every month during fall, for a total of 30 sample dates over a three-year 
, 2006; April to October, 2007; April to September, 2008), with both sites 
vis
r 
s 
of variance was used to determine the presence of significant 
s (each pair) were used to identify significant 
differences between each pair of park areas. 
Runoff generation or capture for each of the four areas (lawn, prairie with or without 
compost, and riparian) was estimated for a rain event with 3.18-cm/hr rainfall intensity (90% 
of Iowa storms; CTRE 2008).  This value was calculated by subtracting the mean infiltration 
rate from precipitation rate (3.18 cm/hr) and multiplying by the surface area to determine the 
volume of water generated or absorbed by each area (a positive number indicated runoff 
generation, while a negative number indicated excess capacity to absorb water).   
In-stream grab samples (at 0.6 depth) for nutrient and sediment analyses were collected at two 
sites on College Creek in Daley Park: one directly upstream and one directly downstream of the 
installed riparian buffer (Fig. 2c).  Samping was conducted once every two weeks during spring 
period (June to October
ited consecutively on the same day.  Samples were placed in coolers and cold-stored until 
analysis.  Nitrate samples were preserved with 5% sulfuric acid at the time of collection.  
Concentrations of nitrate-nitrogen (NO3-N), total phosphorus (TP), and total suspended solids 
(TSS) were determined in the laboratory using USEPA standard methods (EPA method 353.2 fo
nitrate and 365.1 and 365.3 for unfiltered phosphorus; USEPA 1978, 1993a, 1993b) and Eaton et 
al. (2005) for TSS.  To measure discharge, we stretched a tape measure across the stream, 
divided the channel into five cells of equal width, and measured stream depth at the midpoint of 
each cell.  We used a current meter to record four flow velocity readings per cell at six-tenth
depth.  We calculated an average value for each of the five cells from these four readings, 
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multiplied this average velocity by the cross-sectional area of the cell, and summed the resu
five values (one per cell) to obtain total discharge for a sample site (Rantz 1982).   
To determine delivery of NO3-N, TP, and TSS for each sample date, parameter conc
were multiplied by discharge, and the resulting value was divided by subbasin area (the 
watershed area upstream of each sample site) to yield units of kg/ha/day.  So that delivery rat
before and after riparian buffer installation could be compared, we partitioned the 30 delivery 
values for each parameter into four seasons per year: spring (April to early June), early summer
(mid-June to early July), late summer (early July to late August), and fall (mid-August to 
October).  Dates included in each season duri
lting 
entrations 
es 
 
ng each year were determined by similarity of 
dis  dates 
s 
 
 was 
 
macroinvertebrates, stream substrate from three plot locations (0.28-m2 total benthic surface 
charge (i.e., sample dates within overlapping seasonal ranges were placed with sample
of similar discharge).  Seasonal means were then calculated for each parameter, and the 
difference between delivery upstream and downstream of the buffer was determined.  Analysi
of variance and student’s t-tests (each pair) were used to determine significant differences (p <
0.05) between delivery in each pair of seasons (e.g., early summer nitrate delivery in 2006
compared to nitrate delivery in early summer, 2007 and early summer, 2008). 
Additional parameters measured to assess stream ecological condition included dissolved 
oxygen, Escherichia coli densities, and macroinvertebrate and fish metrics.  These 
assessments were conducted at five sites on College Creek (upstream of Daley Park, directly 
upstream of the buffer in Daley Park, directly downstream of the buffer in Daley Park, and 
two sites downstream of Daley Park) and three sites on Clear Creek (Fig. 2b and c).  
Dissolved oxygen concentrations were measured in-stream during daylight hours on five 
dates during June and July, 2007, using either the Winkler method or a portable electronic
meter.  E. coli densities were measured from samples taken monthly from May to October, 
2007, and May to September, 2008.  Grab samples (100 mL) were taken from the middle of 
the water column, chilled, and transported to the laboratory for analysis within two hours of 
sample collection.  Samples were analyzed using an Idexx Quanti-Tray/2000 and Colisure 
test kit (IDEXX Laboratories Inc., Westbrook, ME) to estimate the most probable number of 
colony-forming units per 100mL. 
Macroinvertebrates and fish were sampled on one date in summer, 2007.  For 
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area sampled per site) within a 10-m stream reach upstream of each sample site was removed 
into a D-frame long-handled kick net (see Chapter Two of this thesis).  Benthic samples were 
an
ing 
h 
R
 
ee 
chueler and Holland 2000; Klapproth and Johnson 2001), 
as  the 
alyzed in the laboratory by both comprehensively searching each sample for large-bodied 
organisms (visible to the unaided eye, e.g., larger than approximately 0.5 cm) and remov
subsamples and thoroughly searching each under 10x magnification.  We identified insects 
and mollusks to family level and other invertebrate groups to order or class.  Fish were 
sampled from a stream reach 35 times mean stream width, or 300 m, whichever was longer, 
using a backpack-mounted DC electrofisher (Smith-Root Model LR-20, Smith-Root Inc., 
Vancouver, WA) with two netters in a single upstream pass (Fischer et al. in review).  
Macrohabitats in reaches were sampled individually.  Prior to sampling, block nets were set 
when flows permitted to prevent movement of fishes among sampled macrohabitats.  Fis
were identified to species level.  Standard biological community metrics were determined, 
including abundance (for invertebrates, number of individuals/m2; for fish, number of 
individuals/sample site) and taxa richness (number of taxa/sample site). 
esults 
Three elements were integrated in this study: 1) mutual learning among community 
residents, city partners charged with carrying out NPDES regulations, and ecological 
researchers, 2) urban ecological restoration (in particular, installation of a stormwater
management practice), and 3) ecological research.  Here, we present outcomes of these thr
elements of our study. 
Mutual learning 
Levels of participation in neighborhood meetings, pre- and post-participation survey 
results, and themes emerging from discussions with residents and city partners provided 
evidence of mutual learning.  In 2007, neighborhood meeting discussion topics focused on 
general information about urban water quality issues and stormwater management practices 
(e.g., Arnold and Gibbons 1994; S
 well as on-going discussion about the design, installation, and establishment of
riparian buffer in Daley Park (Table 1).  In 2008, discussions were centered on information 
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gathered from monitoring in the park and local streams, with data presented on water quality, 
buffer establishment and measures of buffer effectiveness, and aquatic ecology.  Thirty-six 
individuals participated in one or more of the eight meetings held in 2007, and 30 individuals
participated in at least one of the five meetings held in 2008.  Twenty residents participated 
in multiple meetings during both years.  In total, 46 different individuals participated in 
project activities over the 2-year period, with an average of seven residents participating
each meeting.  Participants were also engaged in interactive buffer tours, where they assessed
establishment of buffer plants, and several residents were involved in hands-on activities 
such as buffer design, buffer maintenance, and an aquatic ecology workshop, where 
participants were invited to view local invertebrate and fish specimens using microscopes.  A
few individuals with particular concerns about the buffer or interest in additional informatio
requested one-on-one meetings with project staff (Table 1).  In addition, other consultations
with participants took place through e-mail and telephone conversations. 
Eleven of 14 pre-participation surveys were returned (78% return rate
 
 at 
 
 
n 
 
), while 10 out of 20 
post-participation surveys were returned (50% return rate).  Pre- and post-participation 
ts had resided in the community for an average of 23 (±5.3) and 21 (±4.3) years, 
respectively.  Comparisons of pre- and post-participation survey responses provided evidence 
tha
e 
nd this difference was statistically significant (Table 2a).  Industrial 
 not discussed in depth during our project, was also identified more often in 
po
 
mber 
t 
responden
t participants learned basic principles of stormwater management and urban stream 
ecology, and that their attitudes concerning these issues changed (Tables 2 and 3).  Th
number of respondents identifying non-point source pollutants as problems for urban 
streams, a common topic of discussion at our meetings, increased from pre- to post-
participation surveys, a
waste, which was
st-participation surveys as a problem for urban streams.  A higher proportion of 
respondents in post-participation surveys correctly identified pathways of stormwater 
movement in their neighborhood, although this difference was not statistically significant 
(Table 2b).  Similarly, a higher (but not significantly different) proportion of residents agreed
that there was a problem with stormwater in their community after participation (Table 2c).  
Participant familiarity with all stormwater management practices increased, and the nu
of respondents familiar with bioswales and riparian buffers as urban stormwater managemen
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practices increased significantly from pre- to post-participation surveys (Table 2d).  In the 
case of riparian buffers, 100% of respondents taking the post-participation survey reported 
being familiar with this practice. 
Survey questions also assessed values and perceptions about urban streams (Table 3), 
although responses on pre- and post-participation surveys were not statistically different.
The majority of respondents did not think local stream quality was acceptable (Table 3a).  
Post-participation respondents viewed stream quality as less acceptable than pre-participation 
respondents; 100% of post-participation respondents answered that stream quality was 
“somewhat unacceptable” or “unacceptable.”  Reasons for valuing streams changed s
for example, fewer post-participation respondents indicated that streams “just are” important, 
and more of them indicated that they value streams for “visual enjoyment” (Table 3b).  
Perceptions regarding the functions that streams should perform also changed.  In general, 
importance placed on providing habitat for aquatic organisms increased (T
  
lightly; 
able 3c). 
the 
st 
sual 
anges 
nt to 
articipants 
rm, 
 
Several common themes emerged from participants’ comments in group meetings and 
individual discussions between researchers and residents over the two-year timespan of 
project.  We organized these into three thematic categories: concern, affirmation, and intere
(Table 4).  Some concerns were raised at meetings that occurred during buffer design and 
installation phases.  For example, residents expressed concern that trees would block vi
access to the park from their property, while others expressed concern that the buffer might 
reduce physical access to or visual connection with the stream.  Potential landscape ch
were also of concern to some residents.  Growth of prairie grasses in the park adjace
back yards of neighboring homes was perceived as undesirable by a few residents, while 
others expressed concern that rehabilitation of the stream channel itself might drain a ponded 
area of the stream that they valued for its wildlife viewing opportunities.  Finally, p
expressed concern that the buffer would not be managed appropriately over the long te
and expressed relief that project personnel and city partners would be involved in on-going
maintenance.  In general, most concerns reflected participants’ desires to improve the quality 
of the stream and riparian area while maintaining valued personal and social benefits offered 
by the stream and park. 
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A second theme, affirmation, reflected positive perceptions of the buffer by neighborhoo
residents (Table 4).  Residents (with and without children) indicated that the stream buffer 
was an important opportunity for 
d 
neighborhood children to learn about the environment.  
Se  
 
sires 
 
res on 
Co d 
s 
 
ral 
 
ent of plants over the two years since the project 
began (Table 5).  Initial installation work was done during late May and early June of 2007.  
veral participants stated that they were glad for an opportunity to discuss the stream and
were pleased that the city was engaged in stream improvement activities.  Several 
participants also expressed enthusiasm about additional wildlife that native plantings might
attract to the park.  Others were optimistic that forms of aquatic life in the stream would 
increase as well.  Regular meeting participants, as well as other park users, frequently 
commented on the attractiveness of establishing prairie areas, and conveyed enthusiasm 
about anticipated growth of later-successional trees added to the landscape.   
 The third thematic category, interest in water quality issues, reflected participants’ de
to improve local streams (Table 4).  Beginning early in the project, participants noticed and
reported physical stream characteristics that they found troubling, such as bank failu
llege Creek.  Several expressed interest in keeping the stream “clean” (free of debris an
trash).  Residents also expressed interest in water quality problems indicated by stream 
monitoring data from College Creek, particularly as it pertained to aquatic life.  Early in the 
project, residents stated that they seldom saw fish in the stream, and expressed interest in 
how water quality related to aquatic life.  They were also interested in water quality problem
based on other activities they observed, such as construction site runoff, overuse of fertilizer,
and past sewage contamination.  Because of historical water quality problems, residents 
expressed particular interest in information about bacteria in College Creek.  Finally, seve
residents requested information about implementing stormwater management practices on
their own properties (rain gardens, pervious pavers, organic pesticides), while others were 
interested in finding ways to further improve stormwater management in Daley Park. 
Installation of a stormwater management practice 
We conducted installation of the urban riparian buffer as a three-step process that was 
coordinated with the neighborhood meetings previously described.  Results described here 
include a description of that process, the plants and other materials used to install the three-
zone buffer, and survival and establishm
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 centers in the 
are
91% 
ere 
ts 
d undisturbed riparian soil areas (Table 6).  
Ho ther 
 to 
e first step, prior to buffer installation, was removal of non-native and aggressive species 
of trees, shrubs, and other riparian plants by cutting, pulling, and spraying.  After clearing 
undesired vegetation, we planted approximately 210 trees and 100 shrubs in the buffer zon
closest to the stream.  We applied and incorporated compost along the southern outermost 
zone of the buffer and, following a “resting period” for the compost, drilled a 20-sp
prairie seed mix into the outer zone.  The three zones of the buffer (Schueler 1995) were 
sized to fit the available space between a walking trail and the stream on the south side, a
between private properties and the stream on the north side.    
Five species of trees, five species of shrubs, and 20 species of grasses and forbs were 
planted in the three-zone buffer (Fig. 2c, Table 5).  Trees were planted on 3-m
a nearest the stream.  Proceeding away from the stream, a zone of mixed trees and shrubs 
was planted, also on 3-m centers.  A zone of prairie grasses and forbs was planted farthest 
from the stream.  In two areas on each side of the stream, prairie planting extended to the 
edge of the stream (trees and shrubs were omitted) to allow for visual and physical access to 
the stream for residents, park users, and maintenance crews (Fig. 2c).  We determined a 
survival rate for trees two years after planting, and we were able to detect all but one prairie 
species, rattlesnake master (Eryngium yuccifolium), two years after planting (Table 5).  Th
was considerable mortality among shrubs in the first year, necessitating replanting in 2008. 
Ecological research 
Three types of ecological data were collected and communicated to project participan
and partners: measurement of buffer effectiveness for runoff capture, measurement of 
nutrient and sediment delivery, and assessment of water quality and stream ecological 
condition.  Soil cores were used to measure buffer effectiveness in runoff capture.  Analysis 
of soil cores revealed no statistically significant differences in volumetric water content or 
bulk density between park lawn, planted prairie, an
wever, infiltration rates were significantly higher in undisturbed riparian soil than all o
areas.  Though not statistically significant, infiltration rate in buffer prairie was slightly 
higher than in park lawn, and composted areas of the planted prairie had slightly faster 
infiltration rates than prairie areas without compost.  We used these mean infiltration rates
estimate the capacity of the buffer to capture inputs from a 3.18-cm/hr rain event (90% of all 
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rainfall events).  This storm would result in 59.7 m3/hr of runoff from the park lawn area.  
Our estimates indicated that all three zones of the buffer would have the capacity to infiltra
directly incident precipitation, as well as part of the runoff from the contributing area.  
Assuming that runoff from the lawn area would proceed from the outer edge of the buffer, 
flow first across the buffer’s prairie, and then across undisturbed riparian area, we estimated 
that the prairie could absorb an additional 34.5 m3/hr (prairie without compost) and 18.8 
m3/hr (prairie with compost).  The remaining 6.4 m3/hr likely to be contributed would be 
absorbed by the undisturbed riparian area, which has an estima
te 
ted capacity to absorb 274.7 
m3
 
 
 late summer, 2008 (Fig. 3c).  Differences between phosphorus 
delivery upstream
/hr (Table 6).  Thus, the buffer’s capacity to absorb runoff exceeds the rainfall 
contributions of 90% of storms from the contributing area. 
Pre and post-installation stream water quality monitoring data were collected and 
evaluated to determine change over time in relation to buffer installation.  Delivery rates of
all parameters were strongly influenced by discharge (Fig. 3).  Nitrate delivery rates were 
generally below 0.20 kg/ha/day, except during late summer, 2008, when delivery just 
upstream of the buffer (Daley 1) exceeded 0.40 kg/ha/day (Fig. 3b).  Sites just upstream 
(Daley 1) and just downstream (Daley 2) of the buffer generally had similar delivery rates, 
with the exception of late summer, 2008, when the upstream site had substantially higher 
delivery than the downstream site.  Phosphorus delivery rates varied from near zero to above
0.10 kg/ha/day during
 and downstream of the buffer were large during late summer, 2006, when 
delivery at the downstream site was considerably higher, and during late summer, 2008, 
when delivery at the upstream site was considerably higher.  Total suspended solids delivery 
was lower after buffer installation, with the exception of late summer, 2008, when sediment 
delivery at the site upstream of the buffer, exceeded 11 kg/ha/day (Fig. 3d).  Differences 
betweeen upstream and downstream sediment delivery were variable, with the largest 
difference in late summer, 2008, when delivery upstream was considerably higher than 
delivery downstream.  The difference between upstream and downstream delivery of all three 
parameters was significantly higher in late summer, 2008, than in the same season in earlier 
years (Table 7), although these differences were likely driven primarily by increased 
differences in discharge (Fig. 3a).   
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Results for ecological assessment included information on aquatic organisms inhabiting 
College Creek and Clear Creek, a nearby urban stream with lower watershed impervious 
cover and higher amounts of riparian vegetation than College Creek.  Six taxa of 
invertebrates and two fish species were found in Daley Park, and as many as 12 invertebrate
taxa and nine fish species were identified in downstream reaches of College Creek (Table 8). 
Invertebrate densities in College Creek were higher on average than in Clear Creek, altho
invertebrate taxa richness was similar across urban streams.  Both fish abundance and fish
species richness were considerably lower in College Creek sites than in Clear Creek sites 
(Table 8).  Additional indicators of ecological condition in College Creek included
oxygen concentrations and E. coli densities.  Dissolved oxyg
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 dissolved 
en concentrations were stable 
thr  low 
 
most 
 
 
 the 
e 
r 
tion: out of 63 households invited, 46 residents 
oughout spring and early summer sampling dates during both years, but were very
(less than 2 ppm) in late summer, 2007 (Fig. 4).  E. coli levels ranged from 56 to greater than
4000 colony-forming units/100mL, with the majority of samples exceeding 200 colony-
forming units/100mL (Fig. 5).  In 2007, E. coli density was consistently highest at the 
downstream site, while in 2008 upstream to downstream patterns were more variable. 
Discussion 
Effective integration of mutual learning with ecological research has the potential to
improve social acceptance of and scientific soundness of efforts to restore urban streams, and
it can improve public understanding of urban ecology.  However, there are few models in
literature describing successful integration of these elements.  We designed this study to 
integrate mutual learning through public participation focused on an urban stormwater 
management practice informed by urban ecological research.  Here, we discuss in detail th
linkages between mutual learning; design, installation, and performance of a stormwate
management practice (i.e., a riparian buffer); and ecological research (Fig. 6). 
Mutual learning and installation of a stormwater management practice 
Intensive outreach to neighborhood residents about events related to the riparian buffer 
project, including door-to-door invitations and regular mailing of invitation letters, 
encouraged a high level of participa
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pa
t a range 
er 
 
ed 
3; 
The riparian buffer project also provided opportunities to integrate hands-on and 
tivities.  Buffer tours and buffer maintenance activities engaged participants in 
on-going assessment of the project site, and they allowed discussion of complex issues, such 
as e 
 
 
aley Park over 
m this sustained 
int ut 
k or 
ressed 
rticipated in at least one meeting.  In addition, although small sample sizes limited 
statistical power of comparisons of pre- and post-participation survey results, there was 
evidence that participation in the riparian buffer project increased knowledge abou
of stormwater management practices.  High levels of participation and successful learning 
outcomes were enhanced by two aspects of our project: a place-based focus and opportunities 
for hands-on participation.  Since the riparian buffer was installed in a neighborhood park, 
and residents in surrounding homes were invited to participate, discussions about stormwat
management in general and riparian buffers in specific had a focal point at this location.  
Levels of participation and interest were high at meetings during the design phase, when 
discussions were focused on Daley Park and the planned riparian buffer.  Previous research
suggests that communication among stakeholders in environmental projects can be improv
by focusing dialogue on specific natural features, rather than only abstract concepts, so that 
experiences and values with unique local features can be shared (Cheng and Daniels 200
Elmendorf 2008).  In our study, the park, stream, and riparian buffer provided this source of 
common focus and concern. 
experiential ac
 succession, movement of stormwater through the riparian zone, and ways in which th
buffer could mitigate impacts of that flow.  Attendance was higher at meetings for which 
hands-on and interactive activities were planned, suggesting that participants in 
environmental projects find these activities more appealing than meetings based solely on
discussion.  Hands-on and experiential activities are important factors that enhance 
environmental learning (Johnson and Catley 2009), and therefore affect attitudes and actions
toward the environment (Rapport et al., 1998; McDaniel and Alley 2005).   
Project personnel and 20 residents were regularly involved in activities in D
the two-year period of the project.  A sense of community developed fro
eraction between researchers and participants, as indicated by comments made througho
the project.  Before the project, one resident said, “neighbors did not discuss the cree
water quality at all.”  Throughout the series of group meetings, several residents exp
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enjoyment in regularly meeting with neighbors to discuss the stream.  At one of the la
meetings, a resident suggested we hold a “reunion” the following year for participants.  
Previous researchers have also found that both interaction over long periods of time and 
participation in environmental projects build community (Cheng and Daniels 2003; 
Elmendorf 2008).  A sense of community developed around an environmental issue can 
provide a number of environmental and social benefits to communities that are likely to be 
sustained over time (Elmendorf 2008).     
In addition to facilitating learning and sense of community among residents, interaction
between scientists and participants in the riparian buffer project also provided an avenue f
residents’ local knowledge, values, and concerns to inform installation of the buffer.  This 
allowed us to conduct the project in a way that better suited neighborhood values, and also to 
communicate reasons for our decisions.  Previous researchers have found that involving 
residents in environmental projects increases acceptance of decisions (Stein et al. 1999; Seli
et al. 2007).  In addition, local knowledge can aid restoration projects to achieve maximum 
benefit for local communities
st 
 
or 
n 
 (Small and Uttal 2005).   
ed that 
esidents 
 
ar the 
 design 
wo
Indeed, the common themes that emerged from discussions with residents suggest
participation improved both learning and restoration outcomes.  Participants’ concerns 
reflected the importance of preserving social and personal benefits provided by the park.  
Urban green spaces are critical to the social well-being of communities because of these 
benefits (Elmendorf 2008), and so it was important to preserve these while maintaining 
critical aspects of the buffer as a functioning stormwater management practice.  R
especially valued physical and visual access to the stream, which they enjoyed while using
the park and walking trail, and views across the stream, which residents of homes ne
stream valued.  For example, one resident did not “want a wall of trees blocking [his] view,” 
while another did not “want to live in a forest.”  Through participation at the
rkshop, residents helped form alternatives to standard riparian buffer designs in order to 
accommodate their concerns.  For instance, two zones on each side of the stream were 
designated as treeless, thus preserving access points and views to and across the stream.  A 
few participants were also concerned about inviting unwanted species of plants and animals 
into the neighborhood, and one resident preferred the riparian zone to be mowed regularly.  
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Previous studies found similar concerns about riparian zone management, including 
interference with viewsheds and access, undesired wildlife, and importance of cared-for 
traditional appearances in riparian landscapes (Towne 1998; Nassauer et al. 2001; Dutche
al. 2004).  By involving residents in the process, we provided an avenue for expressi
those concerns, and were able to alleviate some of them.  
The participatory process also allowed residents to express affirmation and discuss 
positive aspects of the project.  Many perc
and 
r et 
on of 
eived it as beneficial for water quality, wildlife and 
aq o 
ite-
 stormwater on their own properties.  
In
 is 
 of 
 al. 
uatic organisms, and the neighborhood.  As one resident stated, “it will be good for kids t
see different trees, grasses, and wildlife in their own backyards.”  Urban ecologists have 
pointed out this benefit as well, stating that urban ecological restoration projects can give 
urban dwellers the opportunity to see, appreciate, and work to protect natural communities 
(Heneghan et al. 2009).  Indeed, these perceived benefits enhanced residents’ interest in s
level BMPs that they could implement on their own properties.  Thus, the mutual learning 
initiated by the riparian buffer project may have a ripple effect of increasing water quality 
benefits as residents become more involved in managing
 our study, installation of a riparian buffer provided both a functional stormwater 
management practice and multiple opportunities for learning.  An important benefit of 
collaboration among scientists and community residents on ecological restoration projects
mutual learning (Selin et al. 2007), making urban ecological projects, such as installation
this stormwater management practice, useful vehicles for facilitating learning (Pickett et
2004).   
Mutual learning and ecological research 
Neighborhood meetings held to discuss the stream and riparian buffer in a city park also 
served as a venue for discussing issues related to stormwater and findings from local 
monitoring.  Our results indicated that residents’ knowledge of basic stormwater principles 
and problems in local streams associated with stormwater and nonpoint source pollutants 
increased.  The use of local monitoring data, including data about nutrient and sediment 
delivery, aquatic organisms, dissolved oxygen, and E. coli, aided this learning.  For example, 
when asked about the source of knowledge about stormwater-related problems, one post-
participation survey respondent answered that “sampling results indicated problems.”  
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Environmental knowledge is largely determined by exposure to environmental issues
(McDaniel and Alley 2005), and in our study exposure to ecological data enhanced 
participants’ knowledge about local water quality problems.  In addition, participants’ 
reasons for valuing streams became more specific, as indicated by fewer respondents 
answering that streams “just are” important.  Thus, results
 
 of our study also support previous 
fin t 
.  
ive to 
Two 
aquatic life (IDNR 2002).  In addition, College Creek had abundant invertebrate 
nsiderably lower fish abundance and diversity, a 
finding that was discussed in term
, and 
dings that environmental knowledge can determine attitudes toward the environmen
(Rapport et al. 1998; Stein et al. 1999).   
On-going research also informed the mutual learning process by engaging participants 
with ecology.  Many residents had been observing wildlife in the park and aquatic life in 
College Creek for years, and participants at early meetings were concerned that there was 
very little aquatic life in the stream.  Thus, ecological stream monitoring data were of 
particular interest to them.  Hands-on interaction with aquatic organism specimens allowed 
participants to see aquatic organisms commonly used as indicators of ecological condition, 
and this activity was a helpful supplement to presentation of local fish and invertebrate data
In aquatic ecology discussions, we emphasized the role of aquatic organisms in stream 
ecosystems.  For instance, taxa from fish and invertebrate groups known to be sensit
pollution and habitat disturbance were rarely encountered in local streams (see Chapter 
of this thesis, Fischer et al. in review), and this finding provided opportunities for discussion 
about pollution tolerance and biodiversity.  Dissolved oxygen concentrations fell below 5 
ppm on one occasion, suggesting a possible reason why local streams did not sustain 
sensitive 
assemblages relative to Clear Creek but co
s of aquatic food web concepts.  We also discussed the role 
of woody debris in stream ecosystems, challenging the assumption held by some participants 
that streams should look “clean.”  Rapport and others (1998) emphasized the role of 
scientists in helping the public understand and value the benefits of complex but natural 
ecosystem processes, and Stein and others (1999) suggested that communities and 
individuals must perceive what a natural landscape does (i.e., what functions and services it 
provides) before they can perceive any benefit from protecting that landscape.  By discussing 
information about aquatic ecology, participants learned the value of aquatic ecosystems
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survey results indicated an increasing perception that aquatic organisms are valued stre
features.   
Among participants, there was cumulative knowledge from decades of experience w
neighborhood landscape.  Thus, participants’ knowledge of the history of the park and
water quality issues in College Creek helped illuminate the local significance of certain 
findings from local stream monitoring.  For example, a history of bacterial contamination
College Creek, as well as the understandi
am 
ith the 
 past 
 in 
ng of bacterial contamination as a threat to human 
health, caused residents to be particularly interested in E. coli data.   Although E. coli 
densities did not indicate on-going severe contamination, levels did regularly exceed 
standards for healthy human contact (235 cfu/100 mL; IDNR 2008), and this stimulated 
considerable discussion about residents’ interest in protecting the stream from further 
contamination.  In addition, after participation, the perception that local stream quality was 
unacceptable increased.  As in other studies where immediate relevancy of topics improved 
information exchange (Shanley and Gaia 2002), the local significance of E. coli data helped 
residents understand the importance of monitoring water quality. 
According to Stein and others (1999), there is a need for evidence of specific activities 
that can lead to increased knowledge about environmental issues.  In our study, presenting 
local monitoring data, engaging participants with aquatic organisms and ecology, and 
inviting discussion about past water quality issues facilitated learning.  
Riparian buffer installation and ecological research 
One benefit of the integrated framework in which this project was conducted was that we 
had some degree of flexibility in placement, design, and installation of the riparian buffer, 
which allowed consideration of input from residents and city officials.  The result, a three-
zone buffer encompassing 4.5 acres on public property, was also a useful research tool as 
both an opportunity to measure runoff capture potential in different riparian zones and a 
focus for in-stream monitoring.   
Documentation of installation provided evidence of factors that contributed to buffer 
establishment success.  For example, buy-in from residents living near the buffer prevented 
interference with the establishment process.  Both residents and project personnel were 
continually attentive to maintenance needs.  In addition, tree protectors placed on trees 
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during the first year and on shrubs during the second year prevented herbivory and 
contributed to high survival rates, where survival was low among shrubs during the first year, 
wh
lso 
uch 
awn.  
filtration capacity will 
im
e 
d in 
 dif ult to detect in 
headwaters of a first-order stream, 
where watershed area was sm
thus building the foundation for a longitudinal 
dataset for these param
en tree protectors were not used.  Incorporation of compost initially slowed establishment 
of prairie plants, but it also suppressed weedy species.  During the second year of growth, 
prairie plants grew rapidly, and nearly all species were detected.  Previous research has a
found compost application to be beneficial to prairie establishment (Singer et al. 2006).     
Direct measures of the potential of the buffer to absorb runoff from surrounding surfaces 
provided early evidence of the buffer’s effectiveness.  Infiltration tests suggested that 
restored riparian buffers increase the potential of riparian areas to absorb runoff from 
surrounding areas.  One year after the prairie was seeded, the prairie zone of the buffer, m
of which had been mown turf previously, had slightly faster infiltration than did park l
Compost application also slightly increased the infiltration capacity of the young prairie, 
suggesting that using compost amendments during buffer installation improved early buffer 
performance.  Furthermore, much more rapid infiltration in undisturbed riparian soils 
suggests that, with time and further establishment of vegetation, in
prove.   
Since we integrated restoration and research, we were also able to make adjustments in th
process to meet our research goals.  Site selection for buffer installation was determine
part by research needs.  Because benefits of riparian vegetation may be fic
urban streams, we chose to install the buffer near the 
all and upstream effects were less significant than in larger 
streams.  In addition, previous studies relating urban riparian vegetation to stream condition 
have generally compared stream reaches with existing riparian vegetation to stream reaches 
without riparian vegetation (e.g., Miltner et al. 2004; Roy et al. 2005).  In this study, our 
involvement in the installation process allowed us to begin monitoring in-stream nutrient and 
sediment delivery before buffer installation, 
eters.   
In-stream monitoring of nitrate, phosphorus, and sediment delivery indicated that, during a 
large rain event 14 months after installation, nutrient and sediment delivery decreased 
between a site upstream and a site downstream of the riprian buffer.  For nitrate and 
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phosphorus delivery rates, these differences are likely driven primarily by discharge
differences, but upstream-to-downstream differences in sediment delivery exceeded 
differences in discharge.  Although these data could not be tested statistically, they provide 
some evidence that little sediment was contributed to the stream in the area of the riparian 
buffer.  Previous studies that found buffers to be effective at sediment interception (Matteo et
al. 2006; Muenz et al. 2006) suggest that this is one potential benefit of the riparian buffer 
s 
 
ins
ally 
 
 
considerable lack of consensus regarding the effectiveness of urban ecological 
res
 
or 
 
ion 
ardt et al. 2005; Alexander and Allan 2007).  In our study, 
mu
g 
arch 
talled during this project.  Monitoring also provided initial data for later comparisons of 
parameters important to the health of humans and aquatic life.  For example, nitrate 
concentrations upstream and downstream of the riparian buffer (data not shown) gener
did not exceed national standards for drinking water (10 mg/L; USEPA 2006); however, E. 
coli densities regularly exceeded the state single-sample standard (235 CFU/100 mL) for safe
human contact (IDNR 2008).  Dissolved oxygen concentrations occasionally fell below 5 
ppm, the level considered necessary to support aquatic life (IDNR 2002).  These data provide
baseline indicators of ecological health that can be compared to data in later years to 
determine improvements in stream health related to the riparian buffer.   
There is 
toration practices and stormwater best management practices (Pennington et al. 2003; 
Blakely and Harding 2005; Kaushal et al. 2008).  This is particularly true for urban riparian 
buffers and the benefit of riparian vegetation in urban watersheds in general.  There is ample
evidence that natural riparian vegetation is a critical feature of a functioning stream 
(O’driscoll et al. 2006; Reid et al. 2008), and some investigators have found that restored 
preserved riparian vegetation is associated with improved ecological condition (Miltner et al.
2004; Moore and Palmer 2005).  However, others have found that, particularly within 
urbanized watersheds, beneficial effects of riparian vegetation to stream ecological condit
are minimal (Roy et al. 2005; Walsh et al. 2007).  Due to inadequate monitoring of 
ecological restoration practices nationwide, it has been difficult to discern the reasons for 
these differential results (Bernh
ltiple forms of data collection provided evidence that the riparian buffer was performing 
some functions effectively shortly after establishment.  Our study shows that integratin
urban ecological restoration with research allows restoration practices to serve as rese
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tools, and the resulting research findings provide information that can inform restoratio
efforts. 
Conclusions 
This paper describes a case study in which we developed a model for integrating mutual 
learning through public participation, urban ecological restoration, and ecological research.  
The model was successful in producing three desired outcomes.  First, learning occurred th
improved residents’ understanding of impacts of urbanization on streams, while researchers 
learned valuable information that guided restoration and research to better fit local nee
values.  Second, a functional riparian buffer was installed that provides improved 
management of stormwater runoff in a public park, and that is perceived as an asset by most 
neighborhood residents.  Finally, a focused urban ecology research study was conducted that 
provided information about local stream conditions and effectiveness of riparian buffers, and 
informed local residents of problems in and benefits of local stream ecosystems.  In the past, 
hindrances to successful urban ecological restoration have included a lack of public 
understanding of urban ecology and urban restoration needs, as well as insufficient 
n 
at 
ds and 
monitoring data showing effec
ostered a 
phic 
tiveness of restoration practices (Bernhardt et al. 2005; 
Heneghan et al. 2009).  The model described here addresses both of these needs, in addition 
to providing a functioning stormwater management practice.    
Several specific elements were essential to the success of this project.  First, sustained 
interaction between researchers and participants during the two-year project period f
sense of trust and community that enhanced learning and increased interest in ecological 
improvement projects.  When residents understood that project and city personnel were 
interested in long-term outcomes, their perceptions of the project as a whole were more 
positive.  Second, hands-on and experiential activities were essential to knowledge building, 
particularly about complex concepts such as ecosystem processes (e.g., succession, tro
relationships).  These activities also engaged residents in the restoration process in a way that 
encouraged greater participation and direct involvement in restoration outcomes.  Finally, 
flexibility in the design and implementation process allowed us to conduct the project in a 
way that met both social and ecological goals.  A working relationship with city partners was 
necessary to obtain this flexibility, and it also allowed us to help them meet their 
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management goals.  In particular, this project aided city partners in meeting NPDES Phas
minimum control m
e II 
easures, which require public participation, public education, and 
mwater management.  This model for integrating three important features of 
urban ecology can be adapted a
he College 
umbrunnen C (2003) 
t 
 
improved stor
nd transferred to other areas, provided that these essential 
elements are preserved.   
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Table 1.  Discussion topics and participation at meetings held with Daley Park neighbors concerning Colleg
Creek, urban water quality issues, and the installation of an urban riparian buffer on park property 
e 
 2007 2008 
Discussion topics Water quality, urban stream hydrology, 
stormwater and stormwater management, 
riparian buffers, successio
College Creek water quality, 
buffer effectiveness, aquatic 
n, stream and ecology, buffer 
water quality monitoring establishment, succession 
Number of participants 36 30 
Number of group meetings 8 5 
erage attendance: all group Av
meetings 7 7 
Average attendance: buffer tours 9 6 
mber of participants at design 
rkshop 
Nu 10             NA wo
Number of participants engaged in 
ds-on installation and han 2 12 
Nu
maintenance 
mber of one-on-one meetings 4 with project staff 2 
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Table 2.  Survey respondents’ pre- and post-participation knowledge about urban stormwater and stormwater 
in area urban streams? 
y. 
Industrial 
waste 
Ferti- Sed- , Hazardous  Bacteria 
R Non-point source 
management practices.  Numbers represent the percentage of respondents (n=11 and n=10, respectively) 
selecting each item in pre- and post-participation surveys 
a) Which are problems  
Check all that appl lizers iment branches substances
Fallen
trees ocks, gravel pollutants 
Pre 27 100 64 64 55 91 18 27 
Post 90* 90  80 70 50 70 20 90*
 
b) What happens to 
water during heavy rain 
or rapid snowmelt in Most soaks into the ground 
Some soaks in; 
most flows into a 
d  
Some soaks in; 
most flows into a 
sewer system 
Not sure 
itchyour neighborhood? 
Choose only one. 
Pre 0 64 18 18 
Post 0 90 0 
 
10 
c) Is there a problem 
with stormwater in your 
community? Choose 
y one. 
Yes No Do know n’t 
onl
Pre 45 9 45 
Post 80 0 20 
 
d) Which stormwater 
management practices 
are you familiar with? 
Check all that apply. 
Rain  
gardens 
Detention 
ponds 
Surface 
sand  
filters 
Grass 
channels Bioswales 
Pervious 
pavers 
Riparian 
buffers 
Pre 36 82 36 73 18 27 55 
Post 60 100 60 90 60* 60 100* 
*Difference between pre- and post-participation surveys significant (p < 0.05) based on Pearson’s Chi-square 
test 
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Table 3.  Survey respondents’ pre- and post-participation values and perceptions about streams and water 
quality.  Numbers represent the percentage of respondents (n=11 and n=10, respectively) selecting each it
a) How would you rank 
em 
t Acceptabl Sun
stream water quality in 
your community?   
Choose only one. 
Excellen e omewhat  acceptable Unacceptable Don’t know 
Pre 0 3 36 19 6 8 
Post 0 0 6 40 
 
0 0 
b) If streams are 
important to you, why? 
Check all that apply. 
Just Boating, Wading, 
sw
Use nearby 
ils 
Visual Live near 
stream 
Educ-
n are fishing imming tra enjoyment atio
Pre 64  55 64 100 36 55 55 
Post 30 40 50 80 90 100 10 
 
c) Which ons 
should be per rmed by 
all 
  Ha  for: functi
fo
area streams?  Check 
that apply. 
bitat
Drain  
water from 
land 
Safe water for 
swimming, 
skiing 
Game fish 
for 
consumption
Other 
game fish
Small, non-
game fish 
Sensitive fish 
and other  
organisms 
Pre 82 73 45 55 73 73 
Post 80 80 80 80 100 70 
*Differenc ween pre- and post-part ion surveys significant (  0.05) based on Pearson’ i-square 
test 
 
e bet icipat p < s Ch
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Table 4.  Themes emerging from group and individual discussions with Daley Park neighbors during desig
installation, and establishment of an urban riparian buffer along College Creek on park property 
n, 
 themes Examples Category Emerging
Concern Access to str oss of park, ild f
l acc
eam L
trees, loss 
views of the 
of physica
stream, and w life, enclosure o  stream in 
ess to stream 
Landscape change
 
Loss of pond  area in stream (wi dlife value), gr h of unmow
prairie behin ackyards  
Buffer managem
 
Responsibili anagemen he buffer in t ture, continu  
involvement of p ect personnel 
 
itie
od abo eek qu
or earn lant e  
 ed
d b
l owt n 
ent  ty for m t of t he fu ed
roj
Affirmation 
 
 
Learning
opportun s 
Focus for 
place f
neighborho
children to l
 discussions 
about p
ut the cr
s and wildlif
 and water ality, 
Wildlife habitat 
 
Improved stream and riparian area habitat, increased opportunities to see 
s, butterfl small mam s 
Aesthetics o
buffer 
enes pla otential aesthetic ben f matu
trees on the landscape  
ical stream
istic
Prevent n of bank failures, removal o stream 
bird ies, mal
f  Attractiv s of prairie nts, p efits o re 
Interest in 
stream 
improvement 
Phys
character
 
s 
io f debris from 
Water quality Pr a n ite age
cont  o lizer on park lawn 
Best managem
practices 
Consid ion of info ion for m ing stor er on priva
propert  suggestion further i oving st ater manag nt in 
evention of d
amination,
mage from co
veruse of ferti
struction s  runoff, sew  
ent erat rmat anag mwat te 
ies, s for mpr ormw eme
the park 
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Table 5.  Information about buffer installation, materials used in the three zones of the buffer, and data 
reflecting establishment success after two years of growth.  See Fig. 2c for zone locations 
Installation pro
 of ati
Tree and shrub planting 
Prairie seed
 cess 
Removal  undesirable (non-n ves or aggressive) species  
ing 
  
Plant materials
Trees (1-0 a d 2-0 bare-root stock
cus pa (bur oak)
ent ), Plata
(river bi
Zone 1: 1458 m   
Shrubs (1-0
Prunus erican 
Amelan erviceb
Prunus t sa (Nanking ch
s (se
o ig bluestem), Schizachyrium scoparium (little 
m densis
(indiangrass), Sporobolus clan
curtipen a)
m2  
(prairie grasses and 
Forbs (seed
Rudbecki k-eyed S
Susan), Rudbeckia subtomento  black-eyed Susan), Echinacea 
pallida (pale purple coneflower), Ratibida pinnata (yellow coneflower), 
Heliopsis helianthoides (early sunflower), Desmanthus illinoensis (Illinois 
bundleflower), Cassia fasciculate (partridge pea), Petalostemum candidum 
(white prairie clover), Petalostemum purpureum (purple prairie clover), 
Eryngium yuccifolium (rattlesnake master), Asclepias incarnata (rose 
milkweed), Verbena hastata (blue vervain) 
Soil amendments (compost; 5-cm depth; south side of stream only) 2000-m2  surface area 
  
 Surface area installed 
) 2n
Quer
occid
 macrocar
alis (hackberry
rch) 
, Quercus bicolor (swamp white oak), Celtis 
nus occidentalis (sycamore), Betula nigra 
(trees only) 
 b
am
are-root stock) 
ericana (Am
chier arborea (s
plum), Physocarpus opulifolius (nin
Zone 2: 2151 m2  
ebark), 
erry), Sambucus canadensis (elderberry), 
erry) 
(trees and shrubs) 
omento
Grasse
Androp
blueste
ed) 
gon gerardii (b
), Elymus cana  (Canada wild rye), Sorghastrum nutans 
destinus (rough dropseed), Bouteloua 
forbs) 
dula (side-oats gram
) 
a hirta (blac
, Elymus virginicus (Virginia wildrye) 
usan), Rudbeckia triloba (brown-eyed 
sa (sweet
 
Zone 3: 4781 
Buffer establishment  
Trees 91% survival 
Shrubs NA 
Prairie grasses and forbs 19/20 species detected 
 
 
 
 
96 
Table 6.  Mean (with standard error in parentheses) volumetric water content, soil bulk density, and infi
rates in four areas of Daley Park (lawn, planted prairie with and without compost application, a
ltration 
nd undisturbed 
blished vegetative cover) on four dates following rain events ofriparian soil with esta  > 2 cm/day.  All data were 
 Runoff/absorption lated as remaining 
dept e area of each area
rea 
Volumetric 
water 
content 
(g/cm2) 
Mean soil 
bulk density 
(g/cm3) 
Mean 
infiltration 
rate (cm/hr) 
Runoff  
generat n 
(m3/hr) 
Total absorption 
capacity for each 
3
collected at least one year after installation of the riparian buffer. 
fter infiltration, multiplied by surfac
 calcu
 h of 3.18-cm/hr rainfall a
A io area (m /hr) 
Par b k lawn 0.27 (0.01) 1.46 (0.03) 3.02 (0.32) 59.7  
Prairie -34.5 
Prairie t 0.26 (0.01) 1.49 (0.03) 4.39 (0.59)  -18.8 
Un 8 (0.01) 1.41 (0.04) 7.48a (1.03)  
without compost 0.31 (0.03) 1.64 (0.24) 4.24b (0.68)  
with compos b 
disturbed riparian 0.2 -274.7 
a>b at p
 
 
Tab eliver les 
taken u mpli er 
installa ation
Upstre 2007) After (2008) 
<0.05 (Student’s t-test, each pair) 
le 7.  Mean differences in nitrate, phosphorus, and total suspended solids d
pstream and downstream of the riparian buffer during the late summer sa
tion (2006), one year after installation (2007), and two years after install
am – downstream delivery Before (2006) After (
y rates between samp
ng period before buff
 (2008) 
Ni y) -0.0068  -0.00001b 0.2054a trate (kg/ha/da b
Total 003b 0.00454a 
Total 05b 0.00471a 
phosphorus (kg/ha/day) -0.0018c -0.00
suspended solids (kg/ha/day) -0.0008b 0.0000
Letters s t-test, each pair) 
 
 
Table 8 en from three sites on College 
stream of Daley n 
getation (see F  
 
Invertebrate  
density  
(individuals/m2) 
Invertebrate  
taxa richness 
(taxa/0.28 m2) 
Fish ab ndance  
(individ
Fish species  
richness  
cies/reach)
denote significant differences between years.  a > b > c at p < 0.05 (Student’
.  Macroinvertebrate and fish abundance and taxa richness for samples tak
Creek (one near the riparian buffer in Daley Park and two sites down
Clear Creek, a nearby urban stream with substantial natural riparian ve
 Park), and three sites o
ig. 2 for site locations)
Stream and sample site uuals/site) (spe
Co ek    llege Cre  
Daley Park 2 (on site) 1652 6 
Downstream site 1 (off site) 2770 12 57 2 
Downstream site 2 (off site) 11923 8 121 9 
    
 (off site reference stream)     
Clear Creek site 1 1507 9 228 9 
Clear Creek site 2 1229 4 117 4 
Clear Creek site 3 1676 6 143 8 
27 2 
 
Clear Creek
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Fig. 1 Conceptual diagram showing integration among objectives of this study: mutual learning, restoration, and
research. 
 
Fig. 2 Location of Ames within Iowa (a); map showing study streams, stream monitoring sites, and the locatio
of Daley Park within Ames, IA (b); diagram of Daley Park showing the three-zone ripari
 
n 
an buffer and soil core 
sampling locations (c) 
 
l means for disch nd d of ta s (C
suspended solids (D) at College es loca ly u y 1 nstrea
buffer.  For season g, um late  and F =
once su  C ites (o te in Daley nd two 
sites) du ) a . 
 fro reek sam es (one site upstream o  Park 
g 2007 (A) and 2008 (B). 
ig. 6 Conceptual diagram showing linkages found in this study among mutual learning, installation of a 
 
 
 
Fig. 3 Seasona arge (A) a
 Creek sit
elivery rates 
ted direct
nitrate (B), to
pstream (Dale
l phosphoru
) and dow
), and total 
m (Daley 2) of 
the riparian 
 
s, Sp = sprin Sm1 = early s mer, Sm2 = summer, and  fall 
Fig. 4 Dissolved oxygen c ntration mea red at College reek sample s ne si  Park a
downstream reference ring 2007 (A nd 2008 (B)
 
Fig. 5 E. coli densities in samples collected
nd two downstream reference sites) durin
m College C ple sit f Daley
a
 
F
stormwater management practice (urban riparian buffer), and urban ecological research (in-stream and direct 
monitoring of buffer) 
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CHAPTER 4.  GENERAL CONCLUSION 
 
Efforts to protect and restore stream ecosystems from impacts of human land uses have 
been unsuccessful at preventing chemical, physical, and biological degradation in these 
systems.  In Chapter One of this thesis, I suggested three barriers preventing application of 
stream research to solving these problems: 1) incomplete scientific understanding of land use 
impacts on streams, particularly specific mechanisms of impact (Paul & Meyer, 2001), 2) 
inadequate data regarding strategies to restore stream ecosystems (Alexander & Allan, 2007), 
and 3) political, economic, and social factors (Roy et al., 2008).  To support efforts to protect 
and restore degraded stream ecosystems, ecological researchers need an improved 
understanding of the nature of human impacts, and research on effectiveness of mitigation 
strategies needs to be improved.  In addition, ecological researchers need to develop 
strategies to overcome barriers that result from the complexity of political, economic, and 
social factors that influence ecological degradation in human-dominated landscapes.   
Chapter Two of this thesis primarily addressed the first of these barriers, although 
implications applicable to the second barrier also emerged.  Our examination of potential 
an land use and biological degradation was aimed at 
furthering our understanding of human impacts on streams and informing efforts to restore 
degraded streams.  However, we did not identify specific mechanistic linkages between these 
two land uses and biological degradation.  Similar to previous research (e.g., Moore & 
Palmer, 2005), our findings indicated that urban land uses had greater adverse impacts on 
stream ecological condition than agricultural land uses.  In our study, this was true even in a 
landscape dominated by intensive agriculture.  However, physical, chemical, and biological 
metrics suggested that all streams were degraded, and analysis of these metrics did not reveal 
specific causes for poorer ecological condition in urban areas.  This suggests that 
mechanisms for degradation in urban areas included parameters that we did not measure, or 
interactions among many parameters.  Future research should focus on determining what 
those mechanisms might be, although they may be different across different systems and 
geographic areas.  Results of this study did suggest that, even within disturbed landscapes 
where exact mechanisms of degradation are unknown, restoring or preserving in-stream 
mechanistic linkages between hum
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organic matter, plan on of riffles and 
riparian vegetation) can improve habitat quality and biological condition.  These conclusions 
are y 
alsh et al., 
ssing 
h 
 
 
ave the 
 
 
ts, and coarse substrate material (e.g., through restorati
 based on an observational study of five small streams in central Iowa, and may not appl
to larger streams or other geographic areas. 
Both the greater negative impact of urban land use on streams and the difficulty in 
detecting mechanisms of this impact may be due to the complexity of urban environments.  A 
variety of industrial, commercial, residential, and transportation activities occur in urban 
areas, which, along with actions of many individuals, release a multitude of contaminants 
into the environment.  Sources of degradation are spread throughout the entire watershed, 
and contaminants are efficiently delivered to the stream via stormwater systems (W
2005).  Along with our results and other research, this suggests that efforts to restore urban 
streams must be conducted at the watershed scale (Roy et al., 2008).  However, addre
human impacts on streams at the watershed scale requires consideration of political, 
economic, and social factors that fall outside the realm of typical ecological research. 
For this reason, ecologists working in urban areas have called for integrated researc
endeavors that consider the complex effects of humans on urban ecosystems and involve 
urban residents in research or restoration projects (Casagrande et al., 2007; Selin et al., 
2007).  However, very few studies describe projects in which this integration was achieved. 
Chapter Three of this thesis described a case study in which the second and third barriers 
listed above were addressed through development of a model that integrated public 
participation, urban ecological restoration, and ecological research.  We found that through
participation in a project to implement a riparian buffer along a stream in a neighborhood 
park, urban residents learned about urban stream ecology and stormwater management, and 
their perceptions about streams and water quality changed.  Knowledge and attitudes about 
the environment largely determine actions toward it, and so projects like this one h
potential to alleviate social and political barriers to restoration of streams impacted by human 
activities (McDaniel & Alley, 2005).  Hands-on activities and the use of data from local 
streams facilitated learning, and sustained interaction between researchers and participants
fostered a sense of community and increased interest in additional restoration efforts.  In 
addition, participants’ values and knowledge informed the restoration process.  Thus, the
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project resulted in a functional riparian buffer that is an asset to the park, stream, and 
neighborhood.  Ecological research informed discussions with participants, and it provided 
information regarding the effectiveness of the installed riparian buffer.  Early results 
indicated that the buffer has the potential to improve infiltration of runoff from surrounding 
su ound 
R
es 
e 
nd use 
g 
rfaces, and it may reduce nutrient and sediment loading to the stream.  Overall, we f
that integration of public participation, ecological restoration, and research allowed each of 
these elements to inform and improve implementation of the others.   
The project described in Chapter Three was conducted on a small stream, and public 
participation activities were conducted in a residential area with relatively low population 
density in a mid-sized Midwestern city.  Future research can test this model in other areas 
(e.g., larger metropolitan areas) and with other types of ecological restoration projects to 
determine if this model of integration produces desired learning, restoration, and research 
outcomes as it did in our study.   
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am order (km2) 
APPENDIX 1. RAW DATA FOR LAND COVER, IN-STREAM
ENVIRONMENTAL METRICS, AND MACROINVERTEBRATES 
(CHAPTER TWO) 
Table A1-1.  Geographic information about each stream sample site, including coordinates, elevation, stream 
order, and subbasin area for each site (entire upstream land area contributing to each site).  Within each stream, 
the smallest sample site number represents the most downstream sample site, with site numbers increasing 
upstream 
Stream 
name 
Sample 
site 
Latitude 
(UTM meters) 
Longitude 
(UTM meters) Elevation (m) Stre
Subbasin area 
College 
Creek 
1 447609 4652810 271.5 1 11.02 
2 447428 4652802 271.7 1 10.94 
3 446828 4652772 277.5 1 10.26 
5 443380 4652193 305.8 1 6.29 
7 443025 4652306 308.0 1 5.95 
8 442793 4652226 310.8 1 5.69 
Clear 
Creek 
10 446282 4653983 274.3 1 23.50 
11 445830 4653538 278.2 1 22.96 
12 445306 4653336 280.8 1 22.11 
13 444457 4653132 286.7 1 21.35 
14 443189 4653417 295.3 1 19.61 
21 454868 4664292 288.7 2 58.89 
Bear 
Creek  
23 456092 4666385 299.8 2 54.92 
27 458426 4669496 311.1 2 33.82 
7.32 
29 460067 4671453 319.6 2 28.79 
31 461435 4672963 325.6 2 25.88 
33 460826 4674614 329.6 2 23.19 
35 460162 4677085 335.0 2 19.56 
36 459867 4677728 335.4 1 12.15 
39 459693 4679638 343.0 1 9.01 
41 460818 4681072 356.3 1 1.66 
Long 
51 454782 4668850 298.0 2 8
Dick 
Creek 
53 457112 4672360 308.6 2 72.83 
 
15.70 
4689302 350.7 1 5.75 
56 456809 4678087 329.4 2 55.01
59 455893 4684231 340.8 1 
61 454783 
Keigley 
Branch 
Creek 
72 451913 4663815 287.1 3 95.82 
73 450217 4665134 290.8 3 90.97 
76 445686 4669820 304.5 3 
77 445503 467189
76.51 
6 307.5 2 66.10 
79 441731 4676355 314.0 2 44.17 
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r data calculated at four spatial scales for each sample site 
Stream 
name 
Sample 
site 
urban l  c r  % agricultural l ver % pe nd cover 
Table A1-2.  Land cove
% and ove and co  renially vegetated la
Lo m Subbasin  1km Net Subbasin ocal S n cal 1k Network  Local work  L 1km Network ubbasi
College 
Creek 
1 82 .48 35.08   0.04 2 6.33 .14 .86 81  46.12 0.00 3.67 4  17 18.48 30.20 18.59 
2 100.00 74.80 45.48 35.10  0.00 0.04 24.02 46.27  0.00  
3 53.49 66.96 42.28 32.15  0.00 0.00 25.87 48.94  46.51  
5  
7 68.67 44.29 22.05 13.42  0.00 20.97 59.30 69.49  31.33 34.74 
8 86.00 31.10 17.39 12.06  0.00 29.39 64.30 71.19  14.00 .51 
Clear 
Creek 
10  
25.16
33.04
32.20
30.50 
31.85 
21.75 
18.64 
18.31 
31.20 
18.63 
18.91 
17.15 
17.09 
16.75 
20.39 
45.95 62.57 25.91 16.44  0.00 5.23 52.34 66.42  54.05 
39
642.83 33.80 14.57 14.06  0.00 0.00 54.23 65.55  57.17 6.20
11  
12  
13 0.21 22.52 10.72 10.55  0.00 0.36 65.42 71.49  99.79 .11 
14 24.64 33.02 5.75 7.46  0.00 38.16 79.41 76.80  75.36 28.81 
Bear 
Creek 
21 0.00 5.74 4.78 2.89  31.86 26.70 63.50 85.09  68.14 .57 
14
34
.09 
.30 
34.
30
70 
.99
1
 12
3.5
.1
3 
7 
13
11
.01
.43
 
 
 
 
0.00
0.00
 0.1
00
3 56.
.3
80 
8
66.85
.29
 
 
 
 
8
65
5.91
.70
 
 
6
6
77
5.17
9.01
29.67 
27.44 
23.86 
14.84 
31.72 
20.14 
19.28 
17.96 
15.74 
12.02 
 0.  60  69
67
23  
27  
29  
31 0.00 0.00 1.72 1.15  44.79 68.36 69.08 88.41  55.21 .64 
33 4.63 18.93 2.00 1.21  23.30 27.93 68.44 88.83  72.07 53.13 
35 0.00 3.33 0.87 1.11  64.20 76.11 71.91 89.41  35.80 .56 
36 .07 
39 .38 
41 0.00 5.62 5.60 0.53  72.55 63.61 63.72 90.99  27.45 .76 
Long 
Dick 
Creek 
51 24.23 6.34 2.52 1.75  13.13 58.44 77.62 88.17  62.64 .22 
10
1
0
.06 
.20 
.00 
4.
4.
0.
67 
73 
00 
4.19
1.81
1.66
 
 
 
2
1
1
.93
.35
.19
 
 
 
 
 
 
2
4
3
4.13
3.77
9.92
 
 
 
5
5
6
0.9
7.9
5.3
2 
9 
7 
66.
68.
69.
37 
76 
45 
85
87
87
.83
.28
.91
 
 
 
 
 
 
6
5
6
5.80
5.04
0.08
 
 
 
44.40
37.28
34.63
31
29.44 
29.43 
28.89 
29.21 
29.55 
27.22 
22.77 
22.69 
30.68 
19.87 
11.23 
11.37 
10.90 
10.44 
9.96 
9.48 
7.63 
7.39 
8.48 
10.08 
20
24
24
30
35
1
0
.31 
.00 
2.
0.
72 
00 
0.79
0.00
 
 
1
1
.12
.20
 
 
 
 
8
5
2.28
4.88
 
 
7
7
3.21
5.62
 
 
76.
77.
43 
31 
91
91
.25
.41
 
 
 
 
1
4
6.41
5.12
 
 
53 0.00 1.04 2.70 1.68  36.80 49.36 77.90 88.09  63.20 .60 
56 0.00 0.00 1.77 1.52  30.72 45.38 82.76 89.13  69.28 .62 
59 .19 
61 0.00 0.00 2.34 2.19  88.85 94.86 88.89 91.73  11.15 .14 
Keigley 
Branch 
Creek 
72 0.00 0.00 1.99 1.71  19.32 40.12 71.96 86.36  80.68 .88 
49
54
7
5
59
19.40 
15.47 
10.54 
8.77 
26.06 
10.23 
9.36 
7.96 
6.08 
11.93 
2.82 2.76 2.04 1.77  79.82 90.05 87.41 90.27  17.36 
73 0.00 1.74 2.06 1.65  59.69 74.55 73.60 87.01  40.31  
76 1.39 .31   
77  
79   
23.71
25.61
6.93
32.21
24.34 
22.14 
21.65 
18.54 
11.35 
10.29 
10.31 
9.06
4
0
2.
.17 
.00 
97
4.
1.
95 
24 
08 
1.74
1.42
1.14
 
 
 
 
 
 
 
 
 
8
9
50
7.26
2.56
.14
 
 
 
6
9
63
9.44
1.83
.71
 
 
76.
76.
.3
11 
93 
2
88
88
8.57
7.44
.90
 
 
 
1
1.
.46
56
.22
.39
 
 
 
  4.  80  89 46
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e  cover   (m km-2Stream 
name 
Sampl
site 
% impervious surface Road density ) 
Local s    1km orNetw k Subba in  Local 1km Network Subbasin 
College 
Creek 
1 2 0 2 6 0 10.2 44.1 25.6 31.0   22.37 18.10 12.68 11.2
2 2 6 89 06  4 0 
3 7 1 92 55  5 3 
5 5 2 67 03  4 3 
7 1 9 82 69  4 0 
8 0 6 86 32  0 4 
0 0 5 05 .63  0 7 
3.4 47.3 25. 31.   0.00 18.54 12.6 11.1
52.2 56.5 23. 28.   19.82 27.96 12.4 10.3
27.3 29.4 15. 15.   11.99 18.70 9.8 6.8
15.4 16.5 12. 12.   8.06 10.13 8.1 5.9
33.8 15.7 11. 11.   27.81 
1
10.56 7.7 5.4
Clear 
Creek 
1 12.5 19.4 7. 11   8.27 13.12 5.7 6.2
11 6 9 38 .60  1 2 
2 1 5 48 58  6 3 
3 1 3 72 11  9 1 
4 1 3 35 03  6 6 
1 0 2 22 47  2 9 
11.9 20.7 6. 10   14.43 12.77 5.3 5.9
1 17.0 14.8  5.  9.   0.00 8.26 4.8 5.4
1 0.2 11.1  4.  9.   0.00 5.68 4.5 5.1
1 16.9 13.5  2.  7.   5.91 8.82 3.5 4.0
Bear 
Creek 
2 0.0 0.2  1.  2.   0.00 1.33 2.7 2.7
23 0 8 30 51  6 9 
7 0 9 37 26  4 4 
9 0 0 17 15  9 9 
1 0 0 18 11  1 8 
3 0 1 20 17  7 9 
5 0 3 16 09  5 2 
6 0 6 18 10  7 5 
9 0 0 00 18  6 9 
1 0 7 17 50  2 1 
1 0 4 63 62  5 9 
0.0 0.3  1.  2.   8.71 2.87 2.7 2.7
2 1.2 2.7  0.  1.   0.00 4.09 2.4 2.5
2 0.0 0.0  0.  1.   6.31 3.02 2.3 2.4
3 0.0 0.0  0.  1.   0.00 2.65 2.5 2.4
3 0.0 0.3  0.  1.   21.36 2.58 2.6 2.4
3 0.0 1.0  0.  1.   9.36 3.91 2.5 2.6
3 0.0 0.8  0.  1.   0.00 3.04 2.9 2.6
3 0.0 0.0  0.  1.   0.00 0.00 3.3 2.4
4 0.0 0.1  0.  0.   13.51 2.70 1.5 3.0
Long 
Dick 
Creek 
5 0.0 1.0  0.  1.   0.00 2.24 2.3 2.3
53 0 0 69 58  0 9 
6 0 0 50 46  8 2 
9 2 3 37 74  1 0 
1 0 0 54 17  0 3 
2 0 0 45 57  9 0 
0.0 0.0  0.  1.   0.00 2.60 2.4 2.4
5 0.0 0.0  0.  1.   0.00 0.00 2.2 2.4
5 2.8 1.4  0.  1.   6.73 1.82 2.6 2.2
6 0.0 0.0  0.  2.   0.00 0.00 3.9 1.8
Keigley 
Branch 
Creek 
7 0.0 0.0  0.  1.   0.00 0.00 2.7 2.5
73 0 8 47 51  8 4 
6 0 2 45 28  7 3 
7 0 6 37 36  4 8 
9 6 0 47 45  3 6 
0.0 0.5  0.  1.   7.62 4.04 2.8 2.5
7 1.4 1.2  0.  1.   0.00 7.89 3.0 2.5
7 0.0 0.1  0.  1.   9.84 1.86 2.7 2.4
47 0.1 2.9  0.  1.   0.00 4.82 3.1 2.
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r in-stream environmental metrics (unless otherwise noted, values are means with individual measurements in parentheses from 
 in summer, 2007).  Spaces between commas indicate missing data for one sample date.  1Mean with values in parentheses from 
e hre g dates in values in pa ntheses from eac (metric measured on one date).  3One 
v cord r site 
Stream Na  Samp N mg l al pho s (m tal suspended solids (g l-1) 
Table A1-3.  Raw data fo
each of five sample dates
ach of  t
alue re
e samplin
ed pe
 summer, 2008.  2Mean with re h of three plot locations 
me le Site O -N (3 -1) Tot sphoru g l-1) To
College 
Creek 
1  (8.6, 8, 4. 0. 07, 0. 5, 0.0 ) (0.10, 0.24, 0.43, 0.40, 0.27) 5.6  7.5, 5. 5, 1.5) 09 (0. 08, 0.0 7, 0.16 0.29 
2  (8.7, 3, 4. 08, 0. 6, 0.0 ) (0.79, 0.00, 0.28, 0.56, 0.54) 
3  (8.8, 4, 4. 08, 0. 9, 0.07  0.13, 0.00, 0.29, 0.30, 0.53) 
5  (11. 9.0, ) 0. 07, 0. 6, 0.08  0.24, 0.45, 0.25, 0.29, 0.71) 
7  (11. 9.6, ) 08, 0. 6, 0.08  0.12, 0.00, 0.24, 0.16, 0.72) 
8  (12.6 11.3 .2) .06, 0. 5, 0.05 ) (0.11, 0.33, 0.28, 0.36, 0.62) 
ree
10  (17.1 13.6 07, 0. 5, , 0.0 0.07, 0.15, 0.41, , 0.11) 
6.1  7.7, 6. 6, 3.1) 0.10 (0. 09, 0.0 6, 0.19 0.43 
5.9  7.5, 6. 3, 2.4) 0.10 (0. 11, 0.0 , 0.14) 0.25 (
8.0 3, 10.4, 4.5, 4.9 07 (0. 07, 0.0 , 0.09) 0.39 (
8.2 0, 10.6, 4.5, 5.4 0.08 (0. 07, 0.0 , 0.10) 0.25 (
10.4 , 12.5, , 10.2, 5 0.05 (0 05, 0.0 , 0.06 0.34 
Clear C k 
12.1 , 16.6, , , 1.3) 0.06 (0. 06, 0.0 5) 0.19 (
11  (17.9 15.3 7) 07, 0. 7, 0.05  0.36, 0.00, 0.21, 0.27, 0.00) 
12  (18.2 14.6, 1 .6) 0. 05, 0.0 3, 0.04  0.14, 0.00, 0.21, 0.14, 0.68) 
13  (18.5 16.5, 1 .4) 0. 06, 0.0 4, 0.05  0.56, 0.00, 0.15, 0.19, 0.08) 
14  (18.3 9.6, 1 2) 0. 05, 0.0 5, 0.08  0.17, 0.15, 0.42, 0.26, 0.33) 
Cree
21  (14.9 1.9, 1 3) 0. 07, 0.2 5, 0.12  0.27, 0.00, 0.00, 0.03, 0.51) 
13.0 , 17.1, , 9.1, 5. 0.06 (0. 04, 0.0 , 0.07) 0.17 (
14.5
14.4
, 17.6, 
, 18.1, 
2.4, 9
1.4, 7
04 (0.
05 (0.
5, 0.0
4, 0.0
, 0.04)
, 0.04)
0.23 (
0.20 (
13.6 , 18.5, 3.2, 8. 06 (0. 5, 0.0 , 0.08) 0.27 (
Bear k 
11.1 , 9.1, 1 3.1, 6. 13 (0. 2, 0.1 , 0.09) 0.16 (
23  (10.3 11.7, 1 .7) 0. 08, 0.1 5, 0.13  0.22, 0.00, 0.00, 0.61, 0.46) 
27  (15.7 15.1, 1 1.6 0. 07, 0.1 9, 0.08  0.00, 0.09, 0.38, 0.01, 0.60) 
29  (11.5 15.8, 1 .5) 0. 09, 0.1 7, 0.07  0.16, 0.09, 0.33, 0.21, 0.46) 
31  (17.0 2.9, 1 5) 0. 07, 0.1 8, 0.08  0.00, 0.18, 0.26, 0.14, 0.60) 
33  (17.4 5.6, 1 .2) 09, 0.1 7, 0.09  , 0.22, 0.25, 0.17, 0.49) 
35  (16.8 7.9, 1 6) 0. 06, 0.1 7, 0.05  0.00, 0.04, 0.00, 0.20, 0.53) 
36  (19.7 11.0, 1 6.1 0. 06, 0.1 7, 0.05  0.02, 0.17, 0.20, 0.11, 0.64) 
39  (18.7 6.7, 1 .6) 0. 05, 0.0 7, 0.06  0.01, 0.39, 0.28, 0.32, 0.34) 
41  (14.3 12.3, 1 2.2 0. 04, 0.0 4, 0.05  0.00, 0.00, 2.01, 0.00, 0.32) 
Dick
51  (20.2 19.8, 1 .5) 06, 0.2 9, 0.09  0.04, 0.16, 0.00, 0.00, 0.13) 
11.7 , 13.9, 3.7, 8 14 (0. 7, 0.1 , 0.15) 0.26 (
13.9 , 12.2, 4.9, 1 ) 10 (0. 8, 0.0 , 0.06) 0.22 (
12.2 , 14.6, 1.5, 7 08 (0. 2, 0.0 , 0.05) 0.25 (
12.6 , 9.7, 1 5.0, 8. 08 (0. 2, 0.0 , 0.07) 0.24 (
13.0 , 17.0, 3.7, 11 0.09 (0. 5, 0.0 , 0.06) 0.11 (
13.8 , 18.9, 7.0, 8. 07 (0. 0, 0.0 , 0.05) 0.16 (
15.9
15.1
, 17.1, 
, 16.4, 
5.5, 1
7.2, 16
) 07 (0.
06 (0.
0, 0.0
8, 0.0
, 0.05)
, 0.03)
0.23 (
0.27 (
13.5 , 14.3, 4.2, 1 ) 05 (0. 4, 0.0 , 0.06) 0.47 (
Long 
Creek 
 
16.7 , 17.4, 9.5, 6 0.13 (0. 7, 0.1 , 0.04) 0.07 (
53  (21.6 9.0, 1 7) 0. 05, 0.1 3, 0.09  0.00, 0.25, 0.30, 0.26, 0.16) 
56  (22.8 14.8, 1 6.7 0. 09, 0.1 1, 0.09  0.00, 0.40, 0.34, 0.26, 0.51) 
59  (27.9 29.2, 2 9.9 0. 12, 0.1 8, 0.09  0.00, 0.18, 0.23, 0.28, 0.61) 
61  (33.4 31.5, 2 3.0 0. 18, 0.1 1, 0.12  0.29, 0.26, 0.31, 0.25, 0.00) 
Keigley 
r
72  (17.7 10.0, 1 1.4 0. 07, 0.1 0, 0.06  0.04, 0.15, 0.00, 0.05, 0.10) 
15.5 , 19.0, 8.4, 9. 10 (0. 9, 0.1 , 0.05) 0.19 (
17.8 , 15.1, 9.8, 1 ) 11 (0. 9, 0.1 , 0.09) 0.30 (
25.5 , 24.8, 5.8, 1 ) 11 (0. 1, 0.0 , 0.16) 0.26 (
29.0 , 30.7, 6.6, 2 ) 14 (0. 4, 0.1 , 0.17) 0.22 (
Branch C eek 
14.0 , 16.5, 4.6, 1 ) 09 (0. 2, 0.1 , 0.08) 0.07 (
73  (17.9 16.3, 1 .9) 0. 06, 0.1 8, 0.06  0.07, 0.14, 0.00, 0.18, 0.13) 
76  (18.2 16.6, 1 .5) 0. 05, 0.0 6, 0.07  0.00, 0.06, 0.36, 0.09, 0.57) 
77  (18.1 10.8, 1 1.4 0. 06, 0.1 6, 0.04  0.02, 0.10, 0.51, 0.15, 1.14) 
79  (17.6 15.9, 1 1.5 0. 04, 0.0 5, 0.04  0.12, 0.01, 0.26, 0.07, 0.53) 
14.1 , 13.5, 6.0, 6 08 (0. 0, 0.0 , 0.09) 0.10 (
14.0
13.5
, 15.5, 
, 12.0, 
0.4, 9
5.3, 1
07 (0.
08 (0.
7, 0.0
0, 0.0
, 0.08)
, 0.16)
0.21 (
0.38 () 
14.7 , 13.5, 5.0, 1 ) 04 (0. 5, 0.0 , 0.04) 0.20 (
 
 
 Table A1-3.  Continued 
Stream 
Name 
Sample 
Site Turbidity (NTU) pH Temperature (°C) 
College 
Creek 
13.76 (5.86, 3.88, 5.14, 6.53, 47.40) 8.44 (8.50, 8.40, 8.60, 8.21, 8.50) 19.8 (15.0, 22.0, 18.0, 20.9, 23.0) 1 
2 10.91 (3.34, 2.48, 3  8.50 (8 20  
3 8.24 (3.94 8.4 2
5 2.69 (2.80 8.1 1
7 4.16 (2.68 7.9 1
8 8.26 (2.37 7.8 1
Clear 
Creek 
10 13.02 (19.0 8.4 1
.80, 5.15, 39.80) .60, 8.40, 8.70, 8.28, 8.50) .9 (17.0, 24.0, 19.0, 21.4, 23.0)
, 2.70, 2.49, 4.11, 27.95) 7 (8.60, 8.30, 8.70, 8.27, 8.50) 0.1 (16.0, 24.0, 19.0, 21.4, ) 
, 2.56, 1.98, 2.34, 3.76) 8 (8.20, 8.30, 8.30, 8.01, 8.10) 8.3 (15.0, 18.0, 17.0, 21.4, 20.0) 
, 3.35, 2.12, 5.22, 7.45) 2 (8.00. 7.90, 8.10, 7.68, 7.90) 8.6 (16.0, 18.0, 18.0, 20.8, 20.0) 
, 16.64, 2.40, 2.84, 17.07) 8 (7.80, 7.90, 8.30, 7.59, 7.80) 8.8 (17.0, 18.0, 19.0, 18.8, 21.0) 
8, 9.65, 9.16, , 14.21) 8 (8.60, 8.40, 8.70, , 8.20) 8.5 (16.0, 19.0, 18.0, , 21.0) 
11 7.03 (9.1 8.4 1
12 6.15 (8.4 8.4 1
 6.48 (6.1 8.4 2
 9.35 (5.3 8.3 2
Bear 
21 25.38 (9.8 8.4 2
5, 3.77, 6.79, 7.70, 7.74) 3 (8.60, 8.30, 8.70, 8.26, 8.30) 8.6 (17.0, 19.0, 18.0, 21.2, 18.0) 
2, 4.55, 3.84, 4.13, 9.81) 7 (8.60, 8.40, 8.70, 8.37, 8.30) 9.3 (15.0, 21.0, 18.0, 24.7, 18.0) 
13
14
3, 4.08, 4.85, 6.17, 11.20) 2 (8.50, 8.40, 8.70, 8.29, 8.20) 0.0 (17.0, 20.0, 18.0, 22.1, 23.0) 
6, 8.82, 7.23, 11.65, 13.71) 9 (8.40, 8.30, 8.70, 8.26, 8.30) 0.2 (16.0, 19.0, 20.0, 21.9, 24.0) 
Creek 
6, 59.75, 33.75, 14.93, 8.59) 3 (8.60, 8.20, 8.70, 8.36, 8.30) 0.3 (20.0, 18.0, 20.0, 21.4, 22.0) 
23 27.52 (11. 8.2 1
27 31.08 (20. 8.4 2
29 33.44 (24. 8.2 2
31 27.96 (17. 8.2 1
3 32.76 (31. 8.2 2
35 15.20 (12. 8.1 1
36 10.42 (7.1 8.1 1
39 8.03 (7.2 8.0 1
41 4.15 (2.9 7.6 1
51 35.43 (15. 8.3 2
19, 60.10, 33.65, 18.00, 14.65) 8 (8.20, 8.10, 8.50, 8.21, 8.40) 9.6 (19.0, 18.0, 19.0, 21.1, 21.0) 
32, 56.45, 37.65, 23.90, 17.10) 5 (8.40, 8.10, 8.40, 8.87, 8.50) 0.7 (20.0, 19.0, 19.0, 21.4, 24.0) 
70, 67.85, 24.95, 27.00, 22.70) 3 (8.50, 8.10, 8.11, 8.14, 8.30) 0.3 (20.0, 18.0, 19.0, 20.4, 24.0) 
22, 51.80, 22.60, 28.10, 20.10) 6 (8.40, 8.30, 8.06, 8.05, 8.50) 9.5 (19.0, 19.0, 17.0, 19.3, 23.0) 
3 10, 59.20, 25.30, 33.10, 15.08) 6 (8.40, 8.30, 8.09, 8.11, 8.40) 0.7 (19.0, 18.0, 20.0, 18.6, 28.0) 
14, 23.90, 13.05, 15.82, 11.11) 6 (8.10, 8.30, 7.96, 8.03, 8.40) 9.1 (19.0, 21.0, 20.0, 18.3, 17.0) 
5, 17.38, 10.81, 7.32, 9.46) 8 (8.10, 8.30, 7.99, 8.02, 8.50) 8.9 (18.0, 21.0, 20.2, 18.3, 17.0) 
5, 14.44, 6.31, 5.91, 6.28) 6 ( , 8.30, 7.88, 7.94, 8.10) 7.8 (16.0, 19.0, 21.0, 18.7, 14.5) 
2, 4.31, 3.45, 3.61, 6.49) 9 (7.70, 7.90, 7.32, 7.45, 8.10) 7.2 (16.0, 16.0, 17.8, 18.3, 18.0) 
Long 
Dick 
Creek 
49, 69.30, 55.70, 25.90, 10.79) 3 (8.40, 8.20, 8.50, 8.24, 8.30) 2.7 (21.0, 21.0, 21.0, 23.3, 27.0) 
111 
53 27.72 (6.0 8.3 2
6 21.31 (10. 8.2 2
59 4.01 (3.7 8.2 2
61 7.27 (4.0 7.7 1
Creek 
72 25.61 (16. 8.5 2
8, 68.65, 27.05, 11.85, 24.95) 1 (8.40, 8.30, 8.24, 8.29, 8.30) 3.6 (22.0, 21.0, 20.0, 28.2, 27.0) 
5 79, 39.25, 23.60, 18.86, 14.08) 1 (8.30, 8.30, 8.02, 8.13, 8.30) 3.4 (22.0, 21.0, 23.9, 27.1, 23.0) 
9, 6.07, 4.43, 2.83, 2.94) 3 (7.90, 8.30, 8.32, 8.34, 8.30) 1.5 (16.0, 22.0, 23.2, 24.2, 22.0) 
8, 11.19, 7.97, 6.65, 6.50) 0 (7.70, 8.10, 7.57, 7.67, 7.90) 8.8 (15.0, 19.0, 20.1, 20.7, 19.0) 
Keigley 
Branch 
60, 32.60, 36.90, 25.65, 16.32) 2 (8.60, 8.30, 8.70, 8.29, 8.70) 0.3 (15.0, 18.0, 19.0, 22.6, 27.0) 
73 23.24 (10. 8.3 2
19.30 (15. 8.2 2
77 19.20 (13. 8.3 2
79 6.35 (5.59, 5.27, 3.06, 3.86, 14.00) 8.25 (8.10, 8.30, 8.40, 8.15, 8.30) 19.6 (17.0, 21.0, 18.0, 21.2, 21.0) 
95, 29.05, 28.65, 23.45, 24.10) 5 (8.30, 8.30, 8.70, 8.24, 8.20) 1.3 (22.0, 18.0, 18.0, 22.4, 26.0) 
76 33, 16.48, 9.27, 31.10, 24.30) 6 (8.10, 8.30, 8.50, 8.11, 8.30) 0.9 (16.0, 23.0, 20.0, 24.5, 21.0) 
53, 22.15, 7.41, 10.54, 42.32) 4 (8.10, 8.50, 8.60, 8.22, 8.30) 1.7 (17.0, 24.0, 19.0, 24.3, 24.0) 
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Diss ) 1Specific co m-1) Di
Stream 
Name 
Sample 
Site olved oxygen (ppm nductivity (µS c scharge (l s-1) 
College 
Creek 
1 6.18 (7.00, 3.60, 7.53, 6.60) 812 (873, 818, 745) 76.7 (69.7, 39.6, 27.4, 8, 238.8) 
2 5.77 (4.60, 3.00, 8.68, 6.80) 814 (865, 816, 762) 7.1 (1
30.9 (7
35 (84.
16.6 (4
17.3 (4
13.4 (4
1.1, 1.8, 0.2, 0.2, 22.4) 
3 6.84 (3.90, 8.00, 8.46, 7.00) 760 (873, 805, 603) 9.3, 34.2, 17.2, 13.1, 10.9) 
5 4.45 (1.00, 1.00, 7.98, 7.80) 714 (716, 701, 724) 7, 46.4, 21.4, 16.2, 6.5) 
7 5.57 (7.50, 7.00, 6.37, 1.40) 684 (706, 687, 660) 5.7, 22.3, 5.8, 6.2, 2.8) 
8 7.84 (8.20, 7.10, 8.07, 8.00) 695 (704, 696, 685) 7.5, 30.5, 7.3, 0, 1.3) 
Clear 
Creek 
10 2.40 (4.60, 2.40, , 0.20) 653 (642, 651, 666) 3.9, 18.6, 4.4, 0.1, 0.1) 
11 8.05 (8.10, 9.20, 7.99, 6.90) 632 (637, 651, 607) 4.4 (1
20.7 (4
112.5 (2
99.1 (1
100.1 (2
7.6, 3.4, 0.4, 0.3, 0.3) 
12 8.47 (8.80, , 8.41, 8.20) 649 (630, 652, 665) 9.1, 13.7, 27.9, 8.6, 4) 
13 4.54 ( ,4.20, 8.43, 1.00) 629 (623, 653, 612) 85.2, 195.7, 66.7, 0, 14.9) 
14 3.98 (6.20, 0.05, 8.76, 0.90) 650 (630, 650, 671) 77.2, 157.9, 98.7, 47.2, 14.7) 
Bear 
Creek 
21 3.85 (1.40, 1.40, 8.80, 3.80)  06.3, 127.2, 93.8, 50.9, 22.5) 
23 6.19 (8.20, 1.50, 8.34, 6.70) 581 (615, 629, 500) 89 (203
136.4 (2
244.1 (5
244.4 (4
664.7 (5
699.3 (5
499.1 (4
262.5 (2
255 (266
295.2 (3
.6, 108.1, 83.7, 42.5, 7) 
27 7.97 (7.80, 8.30, 8.18, 7.60) 610 (609, 618, 603) 22.1, 240.6, 132, 78, 9.4) 
29 7.16 (8.40, 8.91, 8.13, 3.20)  03.9, 363, 230.3, 118, 5.3) 
31 6.18 (0.90, 9.25, 8.55, 6.00) 526 (611, 620, 348) 27.3, 293.5, 294.9, 150.6, 55.7) 
33 6.73 (8.20, 9.10, 9.11, 0.50)  61.9, 1585, 725.9, 377.9, 72.8) 
35 8.25 (6.50, 9.16, 9.33, 8.00) 619 (623, 627, 608) 89.4, 1346.4, 927.7, 540.6, 92.5) 
36 9.13 (7.40, 9.52, 9.78, 9.80)  21.1, 1119, 471.3, 340.5, 143.4) 
39 9.18 (8.20, 9.57, 9.85, 9.10)  98.8, 587.1, 257.9, 143.3, 25.5) 
41 8.58 (7.90, 8.83, 8.80, 8.80) 610 (604, 608, 619) .9, 416.3, 300, 175.4, 116.4) 
Long 
Dick 
Creek 
51 7.96 (6.90, 8.00, 8.13, 8.80) 636 (615, 645, 648) 49, 299.6, 263.9, 164.6, 398.8) 
53 6.91 (7.60, 9.11, 10.32, 0.60)  226 (18
134.2 (1
92.4 (8
18.6 (1
057.9 (8
3, 389.9, 237.2, 194.7, 125.1) 
56 9.04 (8.00, 8.97, 9.00, 10.20) 
) 
651 (628, 660, 664) 03.6, 238.4, 186.5, 88.1, 54.5) 
59 15.32 (10.80, 18.72, 18.75, 13.00  6, 171.4, 100.5, 81.1, 23.2) 
61 8.80 (7.40, 9.68, 10.53, 7.60) 676 (633, 660, 734) 9.1, 35.4, 18.1, 15, 5.2) 
Keigley 
Branch 
Creek 
72 7.91 (7.70, 7.60, 7.94, 8.40)  1 00.5, 2382.9, 1439.6, 590.3, 76.3) 
73 5.73 (6.40, 8.10, 8.13, 0.30) 627 (626, 631, 623) 490.5 (4
398.2 (4
82.5 (7
64.4 (6
30.9, 1270.8, 449.8, 244.5, 56.5) 
76 8.93 (7.50, 9.80, 9.90, 8.50) 637 (629, 632, 651) 04, 920.2, 349.6, 233.5, 83.6) 
77 6.79 (8.30, 7.60, 10.85, 0.40)  0.2, 211.9, 36.8, 68.5, 25.1) 
79 9.71 (9.00, 10.40, 12.84, 6.60) 652 (643, 655, 659) 4.4, 121.5, 69.1, 46.4, 20.6) 
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Stream 
Name 
Sample 
Site 
113 
2Strea Plot depth ( city (m s-1) opy cover m width (m) 2 m) 2Current velo 2Percent can
College 
Creek 
1 3.8 .13, 0.13, 0. 41, 0. , 68.8)  (3.9, 3.7, 3.8) 0.13 (0 14) 0.45, 0.0.43 ( 43) 63.3 (58.3, 62.9
2 3.6 .18, 0.58, 0.45) 0.02, 0.02, 0.0
5.3 .02, 0.01, 0.12) 0.12, 0.00, 0. 87.5) 
2.1 .24, 0.28, 0.07) 0.00, 0.00, 0. 3.3) 
2.5 .35, 0.20, 0.08) 0.00, 0.00, 0. .7, 70.8) 
6.3 .28, 0.30, 0.36) 0.00, 0.00, 0. 5.0, 87.5) 
2.3 0.07, 0.05, 0.14) 0.14, 0.14, 0. 2.5) 
 (3.6, 3.5, 3.7) 0.40 (0 0.02 ( 3) 0 
3  (4.7, 5.7, 5.6) 0.05 (0 0.08 ( 11) 83.3 (77.1, 85.4, 
.5, 85  (2.1, 2.1, 2.0) 0.20 (0 0.00 ( 00) 59.7 (33.3, 62
17  (1.9, 1.7, 4.0) 0.21 (0 0.00 ( 00) 83.3 (87.5, 9
78  (4.9, 6.0, 8.0) 0.31 (0
09 (
0.00 ( 00) 81.9 (83.3, 
Clear 
Creek 
10  (1.8, 2.7, 2.5) 0. 0.15 ( 17) 5.6 (0, 4.2, 1
11 1.8 .07, 0.13, 0.02) 0.11, 0.00, 0.3 7.5, 87.5) 
3.2 .02, 0.05, 0.08) 0.08, 0.12, 0. 5.8, 79.2) 
6.8 08 (0.08, 0.12, 0.02) 0.00, 0.00, 0. , 79.2) 
2.3 .10, 0.12, 0.13) 0.20, 0.05, 0. .2) 
6.4 .16, 0.30, 0.30) 0.05, 0.02, 0.
 (1.7, 1.6, 2.2) 0.07 (0
05 (0
0.15 ( 4 8) 87.5 (87.5, 
12  (4.3, 3.1, 2.3) 0. 0.13 ( 20) 87.5 (87.5, 9
13  (6.8, 6.5, 7.0) 0. 0.00 ( 00) 87.5 (91.7, 91.7
014  (2.3, 2.2, 2.5) 0.12 (0 0.10 (
0.05 (
5) 84.0 (89.6, 83.3, 79
21  (6.6, 6.6, 6.1) 0.25 (0 07) 0 
23 4.2 .16, 0.03, 0.12) 0.29, 0.23, 0. .1) 
3.6 .16, 0.16, 0.25) 0.13, 0.04, 0. 0) 
4.9 .22, 0.38, 0.30) 0.00, 0.00, 0. 20.8) 
3.5 .27, 0.30, 0.09) 0.20, 0.28, 0.  
2.3 .23, 0.19, 0.27) 0.20, 0.10, 0.
3.0 .44, 0.15, 0.13) 0.16, 0.23, 0.
2.1 .20, 0.21, 0.23) 0.01, 0.15, 0.
2.0 .11, 0.14, 0.10) 0.14 (0.16, 0.00, 0.
1.0 .06, 0.09, 0.11) 0.15, 0.17, 0.
5.0 .42, 0.05, 0.10) 0.12, 0.00, 0. ) 
 (3.7, 4.8, 4.1) 0.10 (0 0.23 ( 1 .7, 778) 77.1 (87.5, 66
27  (3.2, 4.0, 3.5) 0.19 (0 0.23 (
0.00 (
52) 6.9 (8.3, 12.5, 
29  (5.0, 4.1, 5.5) 0.30 (0 00) 30.6 (25.0, 45.8, 
31  (3.2, 3.7, 3.7) 0.22 (0 0.28 (
0.17 (
35) 22.2 (20.8, 25.0, 20.8)
33  (2.0, 2.6, 2.2) 0.23 (0 22) 6.9 (0, 20.8, 0) 
35  (2.8, 2.8, 3.3) 0.24 (0 0.18 (
0.07 (
14) 11.8 (12.5, 0, 22.9) 
36  (2.2, 1.9, 2.1) 0.22 (0 05) 4.2 (0, 0, 12.5) 
39  (1.7, 2.4, 1.9) 0.12 (0 25) 25.0 (4.2, 4.2, 66.7) 
41  (1.0, 1.0, 1.0) 0.08 (0 0.15 ( 12) 4.2 (0, 8.3, 4.2) 
Bear 
Creek 
Long 
Dick 
Creek 
51  (5.3, 4.9, 4.7) 0.19 (0 0.07 ( 09) 34.7 (62.5, 20.8, 20.8
53 5.1 10, 0.16, 0.09) 0.00, 0.13, 0.
4.1 33, 0.28, 0.27) 0.12, 0.15, 0.
4. 0.33, 0.18) 0.01, 0.00, 0.
2. 23, 0.44) 0.04, 0.00, 0.
8.2 04, 0.07, 0.12) 0.04, 0.00, 
 (5.4, 4.8, 5.2) 0.12 (0. 0.06 ( 06) 6.9 (16.7, 4.2, 0) 
56  (4.4, 3.9, 4.0) 0.29 (0. 0.13 (
0.00 (
12) 0 
059 8 (4.0, 5.5, 5.0) 0.29 (0.37, 
3 17, 0.
0) 0 
61 (2.3, 2.1, 2.4) 0.28 (0.
0.
0.04 (
0.17 (
09) 0 
Keigley 
Branch 
Creek 
72  (6.3, 8.5, 9.8) 0.08 ( 0.46) 73.6 (58.3, 83.3, 79.2) 
73 5.1 .03, 0.06, 0.18) 0.09, 0.29
5.1 .24, 0.26, 0.44) 0.09, 0.07, 0.
4.7 11, 0.09, 0.16) 0.20, 0.22, 0.
2.3 7, 0.16, 0.18) 0.14, 0.40, 0. 3.3) 
 (4.9, 5.5, 5.0) 0.09 (0 0.18 ( , 0.16) 11.1 (4.2, 0, 29.2) 
76  (4.9, 4.5, 5.8) 0.31 (0 0.08 (
0.25 (
07) 0 
377  (4.8, 5.1, 4.3) 0.12 (0. 2) 0 
79  (2.2, 2.5, 2.3) 0.24 (0.3 0.26 ( 23) 29.2 (20.8, 33.3, 3
 
 Table A1-3.  Continued 
114 
ubstrate trate complexity  (g m-2) 
3CPOM/Plant Stream 
Name 
Sample 
Site 2Percent coarse s 2Subs 3Woody debris (g m-2) 
College 
Creek 
1 13 (5, 10, 25) 0, 1.00, 1.00) 1.00 (1.0 103.2 39.22 
2 7 (5, 0, 15) 0, 1.00, 1.00) 
, 70) 6, 1.00, 1.27) 
0, 1.00, 1.02) 
, 80) 4, 1.10, 1.24) 
0, 1.00, 1.01) 
, 90) 4, 1.01, 1.08) 
1.00 (1.0 0 7.79 
3 50 (45, 35 1.11 (1.0 101.9 32.00 
5 0 1.01 (1.0 49.2 254.95 
7 70 (35, 95 1.13 (1.0 10.5 72.93 
8 0 1.04 (1.1 0 323.42 
Clear 
Creek 
10 73 (70, 60 1.04 (1.0 0 0.86 
11 52 (20, 60, 75) 3, 1.01, 1.03) 
1, 1.01, 1.00) 
, 60) 0, 1.01, 1.02) 
, 70) 1, 1.21, 1.06) 
) 0, 1.16, 1.00) 
1.03 (1.0 24.5 3.42 
12 0 1.01 (1.0 0 6.60 
13 53 (30, 70 1.01 (1.0 0 0.45 
14 78 (90, 75 1.19 (1.3 127.7 23.48 
20.92 
Bear 
Creek 
21 30 (0, 90, 0 1.05 (1.0 17.9 
23 30 (80, 0, 10) 0, 1.00, 1.01) 
, 60) 2, 1.04, 1.06) 
) 0, 1.00, 1.00) 
, 70) 1, 1.01, 1.00) 
3, 1.00, 1.00) 
3, 1.01, 1.02) 
) 0, 1.02, 1.04) 
0, 1.00, 1.02) 
, 75) 3, 1.04, 1.08) 
5) 3, 1.00, 1.12) 
1.07 (1.2 1.1 5.75 
27 47 (60, 20 1.04 (1.0 49.7 30.96 
29 3 (0, 0, 10 1.00 (1.0 36.6 79.87 
31 48 (50, 25 1.01 (1.0 0 4.44 
33 0 1.01 (1.0 35.2 13.71 
35 0 1.06 (1.1 10.2 2.89 
36 7 (5, 5, 10 1.02 (1.0 25.9 47.78 
39 0 1.01 (1.0 12.6 89.19 
41 35 (10, 20 1.05 (1.0 0 47.87 
Long 
Dick 
Creek 
51 52 (90, 0, 6 1.12 (1.2 4.0 3.92 
53 23 (0, 60, 10) 0, 1.03, 1.00) 
2, 1.00, 1.00) 
0, 1.00, 1.00) 449.77 
 0, 1.06, 1.00) 418.56 
) 0, 1.00, 1.29) 
1.01 (1.0 4.9 10.70 
4.05 56 0 1.01 (1.0 0 
59 0 1.00 (1.0 0 
61 2 (0, 0, 5) 1.05 (1.1 9.6 
Keigley 
Branch 
Creek 
72 28 (0, 0, 85 1.10 (1.0 49.1 32.48 
73 73 (80, 70, 70) 8, 1.03, 1.04) 
) 2, 1.02, 1.11) 
0, 1.00, 1.01) 3.54 
, 85) 3, 1.03, 1.03) 
1.05 (1.0 0 6.95 
4.40 76 15 (5, 0, 40 1.05 (1.0 0 
77 0 1.00 (1.0 0 
79 63 (35, 70 1.03 (1.0 0 43.69 
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tebrate metrics calculated for each sample site. 
Total density 
(or
Total biomass Total taxa 
richn
Shannon Shannon 
evennes
EPT density EPT taxa
richness 
ms in 
Table A1-4.  Macroinver
Stream 
name 
Sample 
site ganisms m-2) (g m-2) ess diversity s (organisms/m2) 
 % organis
PT E
College 
Creek 
1 1 0.31 2 4 192 0.353 2.82 8 0.65 100.46 0.8
2 
3 
4169. 188 0.39  0 00 
2289. 114 0.52 6 2 39 
2769. 596 12 0.64  1 91 
1651. 087 0.82  0 00 
19138. 365 0.62  0 00 
Clear 
 1675. 038 0.27 00 0 00 
2 0.2 
2 
6 0.69 
9 1.14 
0.
0.
00 0.
4.1 0.
9 0.
10 4
5 
7 
1 
0 
 1.59 
6 1.47 
25.12
0.00
0.
0.9 0.
23 2.8 9 1.36 0.00 0.
Creek 
10 5 0.8 6 0.49 0. 0.
11 918. 037 0.61 2 2 82 
1228. 034 0.41  1 02 
3956. 110 0.28 3 14 1 76 
1507. 062 0.53 8 4 83 
Bear 
 9073. 612 18 0.47  8 48 
94 0. 7 1.19 44.3 4.
12 88 0. 4 0.57 12.56 1.
13 1 0.
27 0.
0 8 0.59 0. 0.
14 9 1.16 11 0
950.81
8. 7.
Creek 
21 98 1.  1.37 10.
23 2995. 0.285 0.41  3 71 
 1703. 129 11 0.54 2  3 75 
4348. 193 0.61  3 06 
 1897.1 0.065 0.40  3 11 
925. 053 0.77 8 2 98 
3136.6 0.051 0.40  2 92 
 3769.1 0.169 12 0.41  5 28 
5066.2 0.180 11 0.57  2 04 
12758.8 0.966 16 0.47  3 19 
Long 
 
 4427. 273 15 0.61 148 01 9 63 
96 9 0.91 200.93 6.
27 09 0.  1.30 51.16 14.
29 62 0. 9 1.34 263.72 6.
31 4 9 0.89 210.79 11.
33 70 0. 7 1.50 64.5 6.
35 0 9 0.88 60.28 1.
36 6  1.02 425.17 11.
39 1  1.36 204.51 4.
41 2  1.30 789.35 6.
Dick 
Creek
51 56 0.  1.64 9. 33.
53 5529. .362 13 0.52 91  6 48 
3787. .503 0.33  1 59 
17057.2 1.567 13 0.43 5 82 2 32 
9795.1 2.009 12 0.55 5 82 1 55 
Keigley 
 2332.1 0.217 16 0.78 10  8 77 
06 0  1.35 1.34 16.
56 46 0 4 0.46 60.28 1.
59 1  1.09 3. 0.
61 6  1.37 3. 0.
Branch 
Creek 
72 8  2.16 90.74 46.
73 6325. 0.870 16 0.67 28  9 09 
2662. 145 0.45  2 37 
6135. 110 0.33 20 93 2 27 
20932. 2.146 22 0.55 109 74 7 21 
59  1.86 52.44
8 70
45.
76 27 0.
0.
9 0.98 9. 3.
77 43 
2
7 0.64 0. 3.
79 2  1.69 0. 5.
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in
 
fi
ness
ollec r 
ri c er 
Stream 
name 
Sample 
site 
Functional feed
group richness
g Collector-
rich
lterer 
 
C tor-gathere
chness Scraper ri hness Shredd richness Predator richness 
College 
Creek 
1 5 3 5 2 2 4 
2 4 1 2 1 0 
1 
2 
0 
2 
1 
2 
3 5 3 4 2 5 
5 5 1 4 4 5 
7 4 2 2 2 2 
8 5 2 2 4 4 
Clear 
Creek 
10 5 2 3 1 1 
11 4 2 4 1 0 
0 
2 
2 
1 5 
4 
12 3 0 2 1 2 
13 5 2 6 2 5 
14 5 1 6 4 4 
Bear 
Creek 
21 5 6 1 6 8 
23 5 2 5 5 1 
2 
2 
2 
1 
1 
1 3 
3 
4 
1 4 
1 
27 5 4 8 6 4 
29 5 4 7 3 3 
31 5 2 7 4 5 
33 5 3 4 2 2 
35 5 3 6 2 5 
36 5 4 0 6 6 
39 5 3 7 4 4 
41 5 3 9 4 8 
Long 
Dick 
Creek 
51 5 6 0 7 6 
53 5 4 9 6 2 
0 
3 
2 
1 4 
5 
56 3 2 2 0 1 
59 5 1 6 7 7 
61 5 4 6 3 6 
Keigley 
Branch 
Creek 
72 5 4 0 6 7 
73 5 4 9 7 4 
2 
1 
11 5 
6 
76 5 3 5 3 4 
77 
79
5 
 5 
2 
6 
5 
 
4 
7 
2 
13 
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axa densities (organisms m-2) at each sample site 
site Ne sid  Sphaeriidae Oligochaeta Euhirudinea Hydracarina 
Table A1-5.  Individual t
Stream Sample  Turbellaria matoda Phy ae Planorbidae
College 
00 93  
 Creek 
1 0.00 50.23 0. 0.00 3.59 53.84 0.00 0.00 
2 0 0 .0 0.00 120.56  60 68
13 3 21.53 0.00 .00 0.0 635.07 3.59 .00 
1 6 0.00 416.20 .00 254.7 1133.80 204.51 .00 
27 3 226.04 18.66 .00 606.3 462.13 0.00 .00 
8686 8 556.14 2281.95 .05 1575.1 5780.22 0.00 .00 
Clear 
Creek 
 0 0.00 0.00 .00 15.0 60.28 0.00 .00 
 0.00 .28 8.17 3.59 0.00 
3 9.9 0 0 0
5 0.7 0 5 0
7 8.4 0 7 0
8 .4 104 2 0
10 0.0 0 7 0
11 
12 
0.00 0.00 0.00 .00 8.8 456.09 0.00 .00 
9 0.00 0.00 .00 0.0 245.78 0.00 .00 
0 60.28 0.00 .00 0.0 278.43 0.00 .00 
1 9 0.00 0.00 .00 0.0 397.29 0.00 .00 
Bear 
Creek 
0 200.93 0.00 .00 168.6 907.76 0.00 1 .46 
0 6 0
3.5 0 0 0
13 0.0 0 0 0
14 7.2 0 0 0
21 0.0 0 3 00
23 0.00 0.00 0.00 .12 71.7 287.04 0.00 0.00 
0 3.59 16.74 .00 16.7 70.56 0.00 0.00 
0 113.02 0.00 .00 37.6 1135.59 0.00 0.00 
0 18.84 0.00 .00 0.0 154.28 0.00 .00 
0 0.00 0.00 .00 107.6 226.04 0.00 .00 
0 90.42 0.00 .00 30.1 564.03 0.00 0.00 
0 37.67 0.00 .00 0.0 240.39 0.00 .00 
0 254.75 0.00 .00 157.8 1011.81 0.00 .00 
0 0.00 602.78 0.00 104.0 7323.05 0.00 .00 
Long 
Dick 
0 3.59 0.00 .00 3.5 186.57 0.00 .00 
25 6 
27 0.0 0 4 
29 0.0 0 7 
31 0.0 0 0 0
33 0.0 0 4 0
35 0.0 0 4 
36 0.0 0 0 0
39 0.0 0 7 0
41 0.0 5 0
Creek 
51 0.0 0 9 0
53 5 3 50.23 0.00 .00 121.9 358.80 0.00 .00 
0 0.00 0.00 .00 46.6 361.67 0.00 0.00 
0 351.62 631.48 .38 0.0 3365.52 28.70 .00 
0 200.93 2773.50 .00 150.6 1467.48 28.70 .00 
Keigley 
Branch 
0 0.00 0.00 .00 7.1 430.56 0.00 .06 
0.2 0 9 0
56 0.0 0 4 
59 0.0 362 0 0
61 0.0 0 9 0
Creek 
72 0.0 0 8 43
73 0.00 0.00 14.35 .00 10.7 459.26 0.00 0.00 
0 50.23 3.59 .00 3.5 584.84 0.00 .00 
0 50.23 0.00 .00 57.4 552.55 0.00 0.00 
8 821.65 0.00 .00 104.0 5356.84 10.76 4 .08 
0 6 
76 0.0 0 9 0
77 0.0 0 1 
79 7.1 0 5 52
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m dae eniidae iid ae  SiStream  
Sample 
site A eletidae Baetidae Caeni Ephemeridae Heptag  Isonych ae 
Lepto-
hyphid
Lepto-
phlebiidae phlonuridae 
College
Creek 
 
1 0.00 00 0.00 0 0.00 0.00 0  0. 0.0 0.0 0.00 0.00 
2 0. 0.00 0.00 0 0.00 0.00 0 
0. 75.35 0.00 0 0.00 0.00 0 
0. 0.00 0.00 0 0.00 0.00 0 
0 0.00 0.00 0 0.00 0.00 0 
0. 00 0.00 0 0.00 0.00 0 
Creek 
0.00 00 0.00 0 0.00 0.00 0 
00 
0
0.0 0.0 0.00 0.00 
3 0 0.0 0.0 0.00 0.00 
5 00  0.0 0.0 0.00 0.00 
7 .00 
00
 0.0 0.0 0.00 0.00 
8  0. 0.0 0.0 0.00 0.00 
Clear 
10  0. 0.0 0.0 0.00 0.00 
11 0.00 00 0.00 0 8.86 0.00 0 
0.00 00 0.00 0 .56 0.00 0 
0.0 0.00 0.14 0 0.00 0.00 0 
7.18 00 0.00 0 .82 0.00 0 
Creek 
7.18 0.00 1.62 3 0.00 0.00 9 
 0. 0.0 0.0 0.00 0.00 
12  0. 0.0 12 0.0 0.00 0.00 
13 0 3 0.0 0.0 0.00 0.00 
14  0.  0.0 38 0.0 0.00 0.00 
Bear 
21  35 50.2 419.7 0.00 0.00 
23 0.00 75.35 0.23 0 0.00 0.00 0 
0.00 100.46 3.49 0 7.21 0.00 0 
0.00 0.00 3.02 5 0.00 0.00 5 
0.00 135.45 0.00 0 18.84 0.00 0 
0.00 00 3.06 0 0.00 0.00 0 
0.00 30.14 0.00 0 0.00 0.00 0 
150.69 188.37 3.59 0 41.26 0.00 0 
0.00 154.28 0.00 0 0.00 0.00 0 
767.83 14.35 00 0 0.00 0.00 0 
Creek 
0.00 32.29 7.64 5 2.62 .70 0 2
 5 0.0 0.0 0.00 0.00 
27   3 0.0 11 0.0 0.00 0.00 
29  11 75.3 75.3 0.00 0.00 
31  0.0 0.0 0.00 0.00 
33  0. 4 0.0 0.0 0.00 0.00 
35  0.0 0.0 0.00 0.00 
36   0.0 0.0 0.00 0.00 
39  0.0 0.0 0.00 0.00 
41  
 
 0. 0.0 0.0 0.00 0.00 
Long 
Dick 
51 10 193.7 41 28 358.8 5.12 0.00 
53 0.00 50.23 2.32 3 7.18 0.00 3 
0.00 0.00 0.00 8 0.00 0.00 0 
0.00 59 0.00 0 0.00 0.00 0 
0.00 53.82 0.00 0 0.00 0.00 0 
 
 
Creek 
3.59 369.56 1.53 0 2.75 7.18 2 
 50 50.2 200.9 0.00 0.00 
56   60.2 0.0 0.00 0.00 
59  3.  0.0 0.0 0.00 50.23 
61  0.0 0.0 0.00 0.00 
Keigley
Branch
72  2 0.0 13 172.2 0.00 0.00 
73 0.00 43.06 3.61 0 4.21 .76 5 
0.00 0.00 0.00 1 0.00 0.00 0 
0.00 150.69 0.00 00 50.23 0.00 00  0.
79 0.00 204.51 114.82 0.00 7.18 0.00 0.00 0.00 0.00 
 47 0.0 29 10 789.3 0.00 0.00 
76 
77 
  86.1
0.
0.0
0.
0.00 
0.00
0.00 
00 
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Stream  ite Coenagrionidae Gomphidae Libellulidae Perlidae Helicopsychidae Hydrops  Hy dae LeptoceridaeSample s ychidae droptili
College 
0 0. 0 50
Creek 
1 0.0 0.00 0.00 00 0. 0 .23 50.23 0.00 
2 0.00 0. 0. 00 0.
0.00 0.0 0.00 0.00 25.1  
0.00 0.0 0.00 0.00 0.00  
0.00 0.0 0.00 0.00 0.00  
0.00 0.0 0.00 0.00 0.00  
Clear 
 0.00 0.0 0.00 0.00 0.00  
00 0.00 00 0.  00 0.00 0.00 
3 0 0.00 2 0.00 0.00 
5 0 7.18  25.12 0.00 
7 0 0.00  0.00 0.00 
8 0 0.00  0.00 0.00 
Creek 
10 0 0.00  0.00 0.00 
11 0.00 0.0 0.00 0.00 35.4  
0.00 0.0 0.00 0.00 0.00  
0.00 0.0 0.00 0.00 0.00  
0.00 0. 0.00 0.00 44.6  
Bear 
0.00 0. 0.00 3.59 3.59  
0 0.00 6 0.00 0.00 
12 0 0.00  0.00 0.00 
13 0 0.00  
 
 0.00 0.00 
14 00 
0
0.00 9 27.40 0.00 
Creek 
21 0 0.00   104.05 10.76 
23 0.00 0.00 75.35 0.  
0.00 0. 0.00 0.00 0.  
0.00 0. 0.0 0.00 0.00  
0.00 0.00 0.00 56.5  
0.00 0. 0.00 0.00 21.5  
0.00 0. 0.00 0.00 30.1  
0.00 0. 0.00 0.00 41.2  
0.00 0.0 0.00 0.00 0.00  
0.00 0.0 0.00 0.00 0.00  
Long 
0.00 0.0 0.00 0.00 104.0  
0.00 0.00 
0
 00 
00
0.00 0.00 
27 00 .00  0.00 0.00 
29 00 0.00 0 
 
 0.00 0.00 
31 0.00 
0
0.00 
0
1 
3
0.00 0.00 
33 0 .00  
 
 0.00 0.00 
35 00 
0
0.00 4 0.00 0.00 
36 0 0.00 6 0.00 0.00 
39 0 0.00  
 
 50.23 0.00 
41 0 3.59  0.00 0.00 
Dick 
Creek 
51 0 0.00 5 226.04 0.00 
53 0.00 0.0 100.46 0.  
0.00 0.00 0.00 0.  
0.69 0. 0.00 0.00 0.  
0.00 0.0 0.00 0.00 0.00  
Keigley 
0.00 3.5 0.00 0.00 254.7  
0.00 0.00 0 
 
00 0.00 0.00 
56 0.00 
0
0.00 00 
00
0.00 0.00 
59 15 0 0.00 
0
 0.00 0.00 
61 0 .00  0.00 0.00 
Branch 
Creek 
72 9 0.00 5 129.17 0.00 
73 0.00 3. 0.0 17.94 617.  20
0.00 0.0 0.00 0.  
0.00 0. 0.00 0.00 0.  
3.59 0.0 14.35 64.58 484.3  
59 0.00 0 13 401.85 4.51 
76 0.00 
0
0.00 0 
 
00 
00
0.00 3.59 
77 0 0.00 
0
 0.00 0.00 
79 0 .00  8 200.93 0.00 
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Dy m l d aStream  Sample site Limnephilidae Corixidae tiscidae El idae Ha iplidae Hydrophilidae Psepheni ae Corydalid e Sialidae 
College 
Creek 
1 0.00 0.00 0.00 0. 0. 00  00 00 0.  0.00 0.00 0.00 
2 0.00 0. 0.00 0.0 0.00 0.00 0.00 00 0 
0. 0.00 0.0 0.00 0.00 0.00 00 0 
0. 7.18 25.1 0.00 0.00 3.59 00 0 
0. 0.00 0.0 0.00 0.00 0.00 00 0 
0. 0.00 0.0 100.46 0.00 0.00 00 0 
0. 0.00 15.0 0.00 0.00 0.00 00 0 
00  0 0. 0.0
3 0.00 00  0 0. 0.0
5 0.00 00  2 0. 0.0
7 0.00 00  0 0. 0.0
8 0.00 00  0 0. 0.0
Clear 
Creek 
10 0.00 00  7 0. 0.0
11 0.00 0. 0.00 0.0 0.00 0.00 0.00 00 0 
0. 0.00 0.0 0.00 0.00 0.00 00 0 
0. 0.00 0.0 0.00 0.00 0.00 00 0 
0. 0.00 34.5 0.00 0.00 0.00 00 0 
0. 0.00 401.8 0.00 0.00 0.00 00 0 
00  0 0. 0.0
12 0.00 00  0 0. 0.0
13 0.00 00  0 0. 0.0
14 0.00 00  7 0. 0.0
Bear 
Creek 
21 0.00 00  5 0. 0.0
23 0.00 0. 0.00 50.2 0.00 0.00 0.00 00 0 
16 0.00 251.1 0.00 0.00 0.00 00 0 
0. 0.00 452.0 0.00 0.00 0.00 00 0 
0. 0.00 18.8 0.00 0.00 0.00 00 0 
0. 0.00 118.4 0.00 0.00 0.00 00 0 
0. 0.00 0.0 0.00 0.00 0.00 00 0 
0. 0.00 75.3 0.00 0.00 0.00 00 0 
0. 50.23 200.9 0.00 0.00 0.00 00 0 
0. 100.46 0.0 0.00 0.00 0.00 59 0 
0. 0.00 154.2 0.00 75.35 0.00 00 0 
00  3 0. 0.0
27 0.00 .74  6 0. 0.0
29 0.00 00  8 0. 0.0
31 0.00 00  4 0. 0.0
33 0.00 00  0 0. 0.0
35 0.00 00  0 0. 0.0
36 0.00 00  5 0. 0.0
39 0.00 00  3 0. 0.0
41 7.18 00  0 3. 0.0
Long 
Dick 
Creek 
51 0.00 00  8 0. 0.0
53 0.00 0. 0.00 351.6 0.00 0.00 0.00 00 0 
0. 0.00 0.0 0.00 0.00 0.00 00 0 
0. 100.46 3.5 50.23 0.00 0.00 00 0 
0. 111.23 0.0 0.00 0.00 0.00 00 0 
0. 0.00 193.7 0.00 0.00 0.00 00 0 
00  2 0. 0.0
56 0.00 00  0 0. 0.0
59 0.00 00  9 0. 0.0
61 0.00 00  0 0. 0.0
Keigley 
Branch 
Creek 
72 0.00 00  5 0. 0.0
73 0.00 0. 0.00 104.0 0.00 0.00 0.00 00 0 
0. 0.00 104.0 0.00 0.00 0.00 00 2 
0. 0.00 100.4 0.00 0.00 0.00 00 0 
0. 0.00 1786 0.00 0.00 0.00 00 0 
00  5 0. 0.0
76 0.00 00  5 0. 25.1
77 0.00 00  6 0. 0.0
79 0.00 00  .81 0. 0.0
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a o S h p   
Table A1-5.  Continued 
Stream Sample site Ceratopogeniid e Chiron midae Empididae imuliidae Tipulidae Amp ipoda Deca oda Isopoda: Asellidae
College 
 Creek 
1 150.69 2210. 0. 0. 00 0.19 00 0.00 53.82 00 0.  00 
2 30.14 3266.49 0.00 0.0 0.00 0.00 00
0 1345.49 0.00 2 21.5 0.00 0.00 00
0 656.60 25.1 0.0 0.00 0.00 0.00
0 60.28 0. 0.0 0.00 0.00 0.00
0 50.23 0.00 0.0 3.59 0.00 0.00
0 1494.75 75.3 0.0 0.00 0.00 00
  0.00 0  0.  
3 0.0   1.53 3  0.  
5 0.0  2 
00
0.00 0  
7 0.0   0.00 0  
8 0.0   0.00 
1
0  
Clear 
Creek 
10 0.0  5 5.07 0  0.  
11 17.73 329.88 62.0 0.0 0.00 0.00 0.00
0 966.96 0.00 0.0 0.00 0.00 0.00
8 3436.56 30.14 30.1 30.14 0.00 00
0 912.65 27.4 0.0 0.00 0.00 0.00
9 038.55 50 5 0.0 53.82 0.00 0.00
 5 0.00 0  
12 0.0   0.00 0  
13 60.2   0.00 4  0.  
14 0.0  0 0.00 0  
Bear 
Creek 
21 150.6 6  .23 0.23 0  
23 25.12 2335.77 0. 0.0 0.00 0.00 00
0 72.80 0. 0.0 0.00 3.59 00
6 05.27 0. 0.0 0.00 0.00 00
0 1471.96 18 3.5 0.00 0.00 00
6 398.26 0. 0.0 0.00 0.00 0.00
4 2320.70 30 10.7 0.00 0.00 00
0 2873.96 75.3 37.6 0.00 3.59 00
0 3028.2 50 5 57.4 0.00 0.00 00
5 078. 3. 35 3.5 0.00 3.59 100.46
0 2515. 0. 0. 0.00 0.00 00
 00 0.00 0  0.  
27 0.0  10
 23
 00 0.00 0  0.  
29 41.2  00 
.8
0.00 0  0.  
31 0.0  4 0.00 9  0.  
33 10.7  00 
.14
0.00 0  
35 30.1   0.00 6  0.  
36 0.0  5 0.00 7  0.  
39 0.0 5 .23 
59
0.23 1  0.  
41 283.4 3 48 
17 
 8.80 9  
Long 
Dick 
Creek 
51 0.0 00 0.00 00  0.  
53 50.23 3634.61 0. 0. 0.00 0.00 00
0 3318.87 0. 0.0 0.00 0.00 00
0 474. 0.00 0.0 0.00 0.00 484.38
0 725. 100.46 0.0 0.00 14.35 118.40
0 516. 43 3.5 0.00 0.00 0.00
 00 
00
0.00 00  0.  
56 0.0   0.00 0  0.  
59 0.0 11 33  0.00 
5
0  
61 0.0 4 36 
67 
 0.23 0  
Keigley 
Branch 
Creek 
72 0.0 .06 0.00 9  
73 0.00 2827.32 53 0.0 0.00 0.00 00
0 1801.16 0. 0.0 0.00 0.00 0
0 5173.85 0. 0.0 0.00 0.00
6 350.25 502 135 7.1 61 10 .00
 .82 0.00 0  0.  
76 0.0  00 0.00 0  0. 0 
00 77 0.0  00 0.00 0  0.
79 10.7 9  .32 6.25 8 .00 .76 0  
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APPENDIX 2. BUFFER PROJECT PARTICIPANT SURVEY 
(CHAPTER THREE) 
 
MES ESIDENT ATER UEST NAIRE
 
This questionnaire is part of a research project focused on water quality in and around Ames.  The 
purpose of this study is to learn more about peoples’ understanding and beliefs about stormwater in 
urb
fill ley 
Park neighborhood.  Completing this questionnaire should take only 8-10 minutes. You may  any 
question that you do not wish to answer.   
 
Yo of 
Am ly 
confidential. The name of participants will never be released.    
 
If y to 
us, tate 
University, Ames, 515-294-0024.   
 
Th
 
Janette R. Thompson, Ass ciate Profess    
Department of Natural Resource Ecology and Management   
Iowa State University  
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project.  
      
 
Instructions for completing this questionnaire: Please read through each question and mark the 
answer(s) that most closely represent your experiences and beliefs. 
 
 
1.   
     (Please check  that apply
 Drinking water  Problems with the water 
When you hea
 all
r or see the w
.)
or
    
ds “water quality”, which of the following do you think of? 
 Groundwater  The condition of water  
 Water in streams  Clear flowing streams 
 Water in lakes/reservoirs  Polluted streams 
 Human health effects 
f  Hypoxia in the Gul  Other (please specify): 
 
 Trash in the stream 
  
2.  H
line
ow
.) 
 would you rate the water quality in your community?  (Please check only one box per 
Unacceptable Excellent Acceptable
Somewhat Unacceptable Don’t know
Water in streams           
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Water in lakes           
 
Drinking water           
 
picnicking 
 
3.  How important to you are the streams that flow through your community?  (Please check 
only one.)   
 
 Very important        
 Somewhat important       
 Not important at all    (If you chose “not important”, please proceed to question 5 
below). 
 
4.  If local streams are important to you, why?  (Please check all that apply.) 
 
 Streams just are important 
 I use areas adjacent to streams for 
 
 I use/have used streams for boating and  I like to watch the water in streams 
fishing  
 I use/have used streams for wading and 
 
I live near a stream 
swimming 
 I use/have used areas adjacent to the streams 
for hiking or running          I do photography near streams 
 I use/have used the areas next to streams for 
n  I use/have used streams for educatiorecreatio n 
 
 
 
most people 
 to most people 
 
6.  Whi  are a proble  in st
(Please check all that apply.) 
 Y  Yes No 
 
5.  How important are the streams in your community to other people that live there?  (Please
check only one.)  
 Very important to 
 Somewhat important
 Most people don’t care 
ch of the following do you believe m  r  in Ames?    eams
 In agricultural stream segments 
In urban 
stream segments 
es No
Industrial waste         
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Road/parki  runoff ng lot         
Fertilizers         
Sediment         
Fallen trees or branches                 
Trash         
        Pesticides 
Livestock waste         
Hazardous substances         
Septic outflow         
Pet Waste          
Bacteria          
Rocks / gravel          
Non-point source pollutants                 
 
.7   Below is a list of different stream functions and uses based on water quality.   
      ---In the first column please check all those that you believe larger streams in your community should be 
 Local streams should 
do this… 
Local streams already 
do this… 
y from land     
  
able to provide. 
        --Then, in the second column please check all those the larger streams in your community already do 
rovide. p
 
Be able to drain water effectivel
Hav e to wade or boat in e water clean enough for peopl     and not become ill 
Provide water clean enough for people to swim or 
water ski in and not become il     l 
Provide habitat to prod t are safe fouce game fish tha r 
people to eat     
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Provide habitat for at are no
intended for people to eat     
 a variety of game fish th t 
Provide habitat for smaller  fish  non-game     
Provide habitat for high q logically 
sensitive fish and other organisms     
uality / eco 
    Other, please specify: 
 
8.  Which of the following es what happens g a h ain o d sn lt in your 
neighborhood?  (Please check only one.) 
  
 Almost all of the water soaks into the ground
 Some wate s into a d
 Some water so lows into a se ystem
 I’m not sure what happens to the water 
 
9.  The following is a list of practices that may be recommended for stormwater management in urban 
        areas.  Please indicate s you are familia . 
 
 
 
familiar 
with it 
 
neve
heard of it 
Rain gardens     
 best describ  durin eavy r r rapi owme
 
r soaks in but most flow itch 
aks in but most f wer s  
which item r with
I’m I’ve r 
Detention ponds     
Constructed wetlands     
Surface sand filters     
Grass channels     
Bioswales     
Pervious pavers     
Riparian buffers     
 
unity?       10.  Is there a problem with stormwater in your comm
 
 Yes          
 No 
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 or “I don’t know”, please proceed to 
low) 
blem?  (Please list your reasons below.) 
ff from city streets likely contains pollutants?
 Yes 
ve more information about 
 Attending presentations at neighborhood meetings 
 Reading local newspaper 
articles 
 Reading take-home materials for family from 
children’s sch rogra
 Watching TV programs  Reading cit  information on stormwater 
 Other (please specify):  I would not participate in any ities to receive 
more information about storm  
 
14.  Please provide the following demographic information. 
 
  
 Your age:     
 I don’t know   (If your answer is “No”
question 12 be
 
11.  If “Yes”, how do you know there is a pro
 
 
 
 
12.  Do you believe runo  
 
 No 
 I don’t know 
 
13.  Which of the following activities would you participate in to recei
stormwater?    (Please check all that apply.) 
 
 Workshops 
 Reading flyers in the mail  Reading articles in neighborhood newsletters 
ool p
y website
mming 
  activ
water
 
 Your gender: M F 
 Approximate number of y ve lived and/or worked in the community:  ears you ha  
 
 
 
hank you very much for your time.  If you have additional comments you would like us to consider T
please add them below.  
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Table A3-1.  Per p nd a u s 
How do you ran quality in 
your community Excellent 
o h
a a ce n ow 
- A
N
D
 PO
ST
-PA
R
T
IC
IPA
T
IO
N
 SU
R
V
E
Y
S 
(C
H
A
PT
E
R
 T
H
R
E
E
) 
 
cent of 
k water 
? 
respondents providing each answer n o re- a
Accepta
 op st
ble 
-particip
S
un
tion s
mew
ccept
rvey
at 
ble 
A
PPE
N
D
IX
 3. C
O
M
PL
E
T
E
 D
A
T
A
 FR
O
M
 R
E
SID
E
N
T
 
PA
R
T
IC
IPA
N
T
 PR
E
Unac ptable Do ’t kn
Stream water (P icipation)  9 36 1re-part  0 36 8 
Stream water (P ticipation) 0 0 
Lake water (Pre ipation)  8 9 2
ost-par
-partic
 0 60 
45 
4 0 
7  0 1
Lake water (Po ipation) 0 40 0 
Drinking water (Pr rticipation) 91 9 0 
st-partic
e-pa
50 
0 
1 0 
0  
Drinking water (Po articipatio 70 20 0 st-p n) 10 0 
What happens to w during heav
or rapid snowmelt i ur neighbor
Most soa to 
grou
 soaks ;  
s in d
me n; most 
 i er system No re 
ater 
n yo
y rai
hood
n 
? 
ks in
nd 
Some
st flow
 in
to a mo itch 
So
flows
 soaks i
nto sew t su
Pre-participation 0 18 64 18 
Post-participation 0  10 90 0 
How important are ms in your munity… er ta o a ortan Not at all imp nt  strea  com V y impor nt S mewh t imp t orta
…to you? ( 0 Pre-participation) 91 9 
…to you? (Post-P ation) 4 0 
…to others? (P on) 6 10 
articip
re-participati
60 
30 
0 
0 
…to others? (Post- icipation) 6 30 Part 10 0 
 Do you believe run rom city 
streets contains ? Yes 
off f
 pollutants
Pre-participation 100 
Post-participation 100 
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r boating 
& fishing 
For wading & 
ming 
Use nearby N
r
icnic 
arby
Visual Live near 
str ography Ed n 
If streams are 
important, why? 
Just 
are 
Fo
swim trails 
earby 
ecreation 
P
ne  enjoyment eam Phot ucatio
Pre-participation  64 55 55 4 64 55  100 18 6  55 36 
Post-participation  30 40 50 0 80 60  100 10 8  90 10 
What do you think of when 
you hear or see the phrase 
“water quality”? 
Drinking 
water 
Gro nd-
 
Water 
in 
streams 
ake 
ater 
Human 
health 
effects 
poxia 
n the 
Gulf 
Proble  
with
wa
Condition 
of water 
lear 
owing 
eams 
Polluted 
streams 
u
water
L
w
Hy
i
ms
 
ter 
C
fl
str
Trash 
in 
stream 
Pre-participation 91 82 82 64 27 61 82 36 73 91 36 
Post-participation 80 80 70 60 10 50 90 70 60 90 40 
Which are problems 
in area agricultural 
streams? 
Industrial 
waste 
Road 
parkin
lot runo
& 
g 
ff im
 
 
ches
ive-
k Pet 
waste
Rocks 
& 
Gravel 
Sed-
ent
Fallen
trees &
bran Trash icides 
toc
waste
Pest-
L
s
 
Hazardous 
substances
Septic 
out-
flow  
Bac-
teria 
Non-point 
source 
pollutants 
Pre-participation 55 36 64 64 64  82 45 45 36  9  73 73 18 
Problems identified 
by all participants Fertilizers 
0 100 80 20 Post-participation 40 50 10 40 60  100 60  10 80 70 
Problems identified 
by all participants Fertilizers, Sediment, Pesticides, Livesto aste ck w
Which are problems in 
area urban streams? 
Industria
waste 
l Ferti-
lizers 
Sed-
iment bran s 
Pest-
icides 
Live-
stock 
waste 
Hazardous 
substances 
Septic 
outflow 
Pet 
waste Bacteria 
Rocks 
& 
Gravel 
No
s
po
Fallen 
trees & 
che
n-point 
ource 
llutants 
Pre-participation 27 100 64 64 82 27 55 55 73 91 18 27 
Problems identified by Roall participants ad and parking unoff, Trash, Fertilizers 
90 80 70 50 50 10 90 40 70 70 20 
 lot r
Post-participation  90 
Problems identified by 
all participants Road and parking l t runoff, Trash o
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nction
 
ream
 
fr nd wade boat swim & ski 
m
fish s fe to eat game
m
n e fish other or sms 
Which stream fu
should be and/or 
s 
are
performed by area st s? 
Drain water
om la
Safe water:  
 & 
Safe water: Habitat: ga e Hab
a
itat: other 
 fish 
Habitat: s all Hab
on-gam
itat: sensitive 
fish/ gani
Streams should…  
(Pre-participation) 82 82  55 73  73 45 73 
Streams should… 
(Post-participation) 
Streams do…  
80 
55
1
 18
00  
) 27 27 
80 
9 
80 80 
36 
100 70 
18 (Pre-participation  
Streams do… 
(Post-participation) 60 30 30 40 0 20 0 
Which stormwater m
practices you are fam
anagement 
i s 
Det
p
Constructed 
wetland sa rs
Grass 
ls Bios s 
Pervi
aversliar with? 
Rain 
garden
ention 
onds s 
Surface 
nd filte  channe wale
ous 
 p
Riparian 
buffers 
Pre-participation  2736 82 91 36 73 18  55 
Post-participation 60 100 90 60 90 60 10   60 0 
Is there a problem with  
Ye I don ow 
 stormwater
in your community? s No ’t kn
Pre-participation 45 9 45 
Written responses to:
do you know ther
 
e is a problem?” 
, and sump pumps; Water backed up on streets; Yard signs for chemical 
application  
Post-participation 80 0 
 “If yes, how Runoff into creek from lawns, roads
20 
Written responses to:  “If yes, ho
is a probl ” 
T ch r ers tea oa o pid  cau  paving leads to oding 
fl  pr devel  C n  Sedi d a
W uns d ly from ewalks  park ots int eks; Ya aste a ash cl ulv  sewer ts; 
Overuse of lawn fertilizer; Sampling results indicate problems; People pour undesirable chemicals into storm drains 
w 
do you know there em?
oo mu
ooding
ain ent
ior to 
sewer ins
opment);
d of s
ontami
king int
ates ma
 ground; Ra
ke it into sewer
 runoff
 system;
sed by
ment
 flo
uction an
(No 
griculture;  from constr
ater r irect  sid  and ing l o cre rd w nd tr og c erts and  inle
Which activities would y
ive more
stormwater? Workshops 
 
 news per 
V 
rams
Neighbo od 
meet
N borhoo
wsletters 
Materials from 
ch s schoo
pr rammi
C
web
ou 
participate in to rece
information about 
 Mailed
flyers
Local 
pa
T
prog  
rho
ings 
eigh
ne
d ild’
og
l 
ng 
ity 
site 
Pre-participation 36 82 73 55 64 64 27 45 
Post-participation 40 50 80 50 90 40 0 70 
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ic information about pre- and post-participation survey respondents 
Age:  Mean (Range) 47.8 (20 – 59) 
 
Table A3-2.  Demograph
Pre-participation 
Years in commu 55
Gen
% Female 55 
Age: ean (Range 56 4 – 70) 
nity 
% Male 
22.9 (0.3 – 
45 
) 
der 
Post-participation 
  M ) .6 (4
Years in community 20.6 (4 – 38) 
Gender 
% Male 55 
% Female 5 4
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APPENDIX 4. DATA USED FOR ECOLOGICAL MONITORING 
(CHAPTER THREE) 
 
Table A4-1. Descriptive information for in-stream sample sites used in Chapter Three, along with coinciding 
site codes for sites also used in Chapter Two 
Site name Chapter Two site number 
Latitude 
(UTM meters) 
Longitude 
(UTM meters) Elevation (m) 
Stream 
order 
Subbasin 
area (km2) 
Downstream 2 1 447609 4652810 271.5 1 11.02 
Downstream 1 5 443380 4652193 305.8 1 6.29 
Daley 2 7 443025 4652306 308.0 1 5.95 
Daley 1 8 442793 4652226 310.8 1 5.69 
Upstream None 442676 4652314 310.6 1 5.49 
Clear Creek 3 10 446282 4653983 274.3 1 23.50 
Clear Creek 2 12 445306 4653336 280.8 1 22.11 
Clear Creek 1 14 443189 4653417 295.3 1 19.61 
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Tabl ), 
and to ey 1 
(directly upstream of riparian buffer) an  riparian buffer).  Sample dates were 
grouped into seasons, and seasonal means were used in tistical analysis.  For seasons, Sp = spring, Sm1 =  
early summer, Sm2 = late summer, and F = fall.  Nd ind  data 
(kg/ha/day) (mg/l) (kg/ha/day) (mg/l) 
y 
(kg/ha/day) 
e A4-2.  Individual measurements of discharge, concentration of nitrate ([NO3]), total phosphorus ([TP]
tal suspended solids ([TSS]), and resulting delivery values calculated for each sample date at sites Dal
d Daley 2 (directly downstream of
sta
icates no
Season Sample date 
Discharge 
(l/s) 
[NO3] 
(mg/l) 
NO3 delivery [TP] TP delivery [TSS] TSS deliver
Daley 1 (upstream of buffer) 
2006 23
Sm1 
 Jun 8 12 0.1539 5 6 4 0. 8.  2.4 .3 0.0 .26E-0 66 26E+00
3 Jul 4 9 0.0076 9 7 5 0. 3.5  
11 Jul 3 3 0.0203 6 9 4 0. 1.8  
5. .3 0.0 .35E-0 44 9E-01
2006 
Sm2 
8.2 .5 0.1 .29E-0 31 0E+00
26 Jul 2 2 0.0099 6 6 4 0. 2.4  
10 Aug  2.        nd  0.
 Aug  4 0.0266 4 8 4 0. 6.  
6.1 .5 0.1 .33E-0 63 9E+00
    nd 9    0.34 nd 36 nd 
2006 F 
29 40.8 .3 0.1 .67E-0 99 13E+00
5 Oct  9 0.1246 1 1 3 0. 7.  
2007 Sp 
 Apr 9. 0.0449 0 4 4 0.0  1.  
84.6 .7 0.1 .41E-0 58 45E+00
19 31.7 5 0.1 .73E-0 9 95E-04
3 May 77.9 10.2 0.1184 0.13 1.51E-03 0.39 2.05E-03 
17 May 17.2 9.8 0.0251 0.14 3.67E-04 0.73 8.48E-04 
25 May 213.9 9.9 0.3152 0.22 6.92E-03 0.49 7.11E-03 
2007 
Sm1 
14 Jun 17.6 12.6 0.0330 0.06 1.57E-04 0.11 1.26E-04 
21 Jun 3.4 12.5 0.0062 0.05 2.50E-05 0.33 7.51E-05 
29 Jun 0.4 11.3 0.0007 0.05 2.90E-06 0.28 7.28E-06 
2007 
Sm2 
6 Jul 0.3 10.2 0.0005 0.05 2.29E-06 0.36 7.57E-06 
12 Jul 0.3 5.2 0.0002 0.06 2.66E-06 0.62 1.23E-05 
7 Aug 0.3 0.4 0.0000 0.15 6.94E-06 0.86 1.82E-05 
31 Aug 0.5 1.9 0.0001 0.08 6.18E-06 0.24 8.52E-06 
2007 F 
14 Sep 0.0 1.9 0.0000 0.09 0.00E+00 0.55 0.00E+00 
12 Oct 0.6 5.9 0.0005 0.06 5.49E-06 0.65 2.68E-05 
2008 Sp 
23 Apr 3.4 8.4 0.0043 0.09 4.58E-05 0.01 2.54E-06 
9 May 38.2 5.7 0.0325 0.14 7.97E-04 0.08 2.15E-04 
20 May 2.2 9.4 0.0031 0.08 2.63E-05 0.08 1.19E-05 
9 Jun 446.1 5.5 0.3671 0.26 1.73E-02 0.00 0.00E+00 
2008 
Sm1 
24 Jun 47.5 10.4 0.0736 0.08 5.66E-04 0.09 3.00E-04 
8 Jul 20.2 7.4 0.0223 0.10 2.98E-04 0.28 3.80E-04 
2008 
Sm2 28 Jul 427.1 6.3 0.4009 0.16 1.02E-02 0.17 4.84E-03 
2008 F 
13 Aug 31.2 6.6 0.0307 0.15 6.97E-04 0.25 5.19E-04 
3 Sep 0.3 2.2 0.0001 0.17 8.69E-06 0.34 8.01E-06 
23 Sep 0.0 4.7 0.0000 0.17 0.00E+00 0.90 0.00E+00 
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Table A4-2.  Continued 
Season Sample date 
Discharge 
(l/s) 
[NO3] 
(mg/l) 
NO3 delivery 
(kg/ha/day) 
[TP] 
(mg/l) 
TP delivery 
(kg/ha/day) 
[TSS] 
(mg/l) 
TSS delivery 
(kg/ha/day) 
Daley 2 (downstream of buffer) 
2006 
SM1 
23 Jun 15.3 9.5 0.0211 0.06 1.33E-04 0.42 9.33E-01 
3 Jul 12.5 3.2 0.0058 0.08 1.45E-04 0.32 5.79E-01 
2006 
11 Jul 71.4 
SM2 
2.1 0.0218 0.15 1.55E-03 0.29 3.00E+00 
26 Jul 34.8 1.6 0.0081 0.20 1.01E-03 0.49 2.48E+00 
10 1  
2
2
 Aug 31.7 2.0 0.0382 0.31 5.93E-03 0.37 7.07E+00 
006 F 
9 Aug 65.1 3.4 0.0322 0.16 1.51E-03 0.11 1.04E+00 
5 Oct 35.6 8.3 0.0430 0.11 5.69E-04 0.61 3.16E+00 
2007 SP 
19 Apr 44.6  6.3 4 1.0 3 8.5 0.0540 0.10 5E-0 0.38 9E-0
3 May 77.0 4.2 0.0459 0.10 1.10E-03 0.49 2.42E-03 
17 1
SM1 
 May 52.6 0.2 0.0764 0.12 8.99E-04 0.67 2.27E-03 
25 May 254.0 9.7 0.3496 0.22 7.96E-03 0.48 7.89E-03 
2007 
14 Jun 43.9 11.0 0.0689 0.08 5.01E-04 0.12 3.30E-04 
21 Jun 18.6 1
 
0.6 0.0281 0.07 1.86E-04 0.00 0.00E+00 
29 Jun 4.4 9.6 0.0060 0.06 3.77E-05 0.24 6.90E-05 
2007 
SM2 
6 Jul 0.1 4.5 0.0001 0.08 1.25E-06 0.16 1.14E-06 
12 Jul 0.1 
     
31  
2
 
5.4 0.0001 0.10 1.70E-06 0.72 5.54E-06 
7 Aug 0.1   nd nd 0.24 2.13E-06 0.13 5.08E-07 
 Aug 6.0 0.6 0.0005 0.16 1.37E-04 0.04 1.63E-05 
007 F 
14 Sep 1.6 0.4 0.0001 0.13 2.99E-05 0.49 5.12E-05 
12 Oct 13.6 
 
4.2 0.0082 0.07 1.36E-04 0.31 2.69E-04 
2008 SP 
23 Apr 66.2 7.9 0.0746 0.09 8.50E-04 0.02 9.57E-05 
9 May 1  
2  
3  
35.0 5.8 0.1116 0.14 2.69E-03 0.23 1.97E-03 
0 May 37.2 6.3 0.0334 0.09 4.78E-04 0.15 3.64E-04 
9 Jun 05.6 4.4 0.1895 0.27 1.18E-02 0.13 2.61E-03 
2008  
SM1 
24 Jun 27.2 9.5 0.0368 0.10 3.88E-04 0.16 2.87E-04 
8 Jul 28.4 
2008  
7.6 0.0308 0.11 4.46E-04 0.17 3.13E-04 
SM2 28 Jul 214.1 5.7 0.1750 0.17 5.19E-03 0.03 4.31E-04 
2
1
008 F 
3 Aug 14.9 5.6 0.0119 0.14 2.97E-04 0.12 1.14E-04 
3
 
 Sep 0.1 1.7 0.0000 0.14 1.73E-06 0.33 1.83E-06 
23 Sep 1.6 3.8 0.0009 0.11 2.53E-05 0.34 3.54E-05 
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